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What  18  the  fate  of  red  blood  corpuscles  if  they  have  been  introduced 
into  an  animal  body  of  same  species?  This  problem  has  been  etudied 
by  numerous  investigators  {11,  (2),  (3)  and  though  there  are  still  ob- 
jections it  is  generally  beheved  that  the  transfused  red  cells  are  capable 
of  functioning  in  the  animal  body.  Whether  these  red  cells  remain  and 
function  in  circulation  of  a  recipient  animal  or  whether  they  are  decom- 
posed, was  formerly  studied  chiefly  by  means  of  the  examination  of 
the  changes  of  urine  or  the  bodily  condition  of  the  animal.  Recent 
opinion  indicates  that  the  most  satisfactory  method  of  attacking  the 
problem  as  to  the  length  of  life  of  the  transfused  corpuscles  is  to  study 
the  changes  in  erythrocyte  count  following  transfusion. 

In  the  earher  work  in  which  this  method  was  used  little  attention  was 
given  to  morphol<^cal  changes  in  the  corpuscles.  This  is  a  point  of 
considerable  importance  because  from  the  erythrocyte  count  alone  we 
are  not  justified  in  drawing  conclusions  as  to  the  biological  phenomena 
exhibited  by  the  foreign  corpuscle  or  its  host.  It  is  therefore  desirable 
to  collect  more  data  on  the  subject. 

BXPEBIUENTAL 

Id  the  present  experiments  full-grown  rabbits  were  used.  To  obtain 
blood  from  a  donor  the  carotid  artery  was  exposed  by  usual  method 
and  opened  on  one  side  with  a  sterile  scalpel.  The  blood  thus  collected 
in  a  sterile,  thick-wallad  flask  containing  glass  beads,  was  defibrinated 
by  vigorous  shaking,  ffltered  into  another  sterile  flask  through  double 
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gauze,  ami  preserved  for  injection.  Sometimea  blood  was  kept  in  a 
mixture  of  isotonic  citrate  and  dextrose  solution,  and  when  this  mix- 
.-tiin;  Was  used  the  supernatant  fluid  was  pipetted  away. 

To  render  a  recipient  animal  anemic,  blood  q.  1.  was  withdrawn  from 
carotid  artery  without  anesthesia,  care  being  taken  to  avoid  the  shock 
which  may  be  caused  by  a  rapid  hemorrhage.  The  blood  obtained  from 
the  donor  was  then  transfused  into  the  ear  vein  of  recipient  rabbits 
using  a  sterile  syringe.  At  the  lime  of  injection  the  blood  was  warmed 
to  the  body  temperature.  In  each  series  of  experiments,  the  number 
of  red  cells,  hemoglobin  content  and  morphology  of  the  blood  were 
carefully  studied.  The  number  of  red  cells  was  counted  by  the  Thoma- 
Zeiss  apparatus,  and  hemoglobin  content  was  estimated  by  Sahli'a 
hemometer.  Blood  cells  were  stained  in  May-Griinwald-Giemsa's  so- 
lution. Each  experiment  was  repeated  several  times  with  almost  the 
same  result.  To  avoid  a  repetition  of  data  only  one  instance  for  each 
case  is  recorded  here. 

Control  experiment.  In  the  first  place  an  experiment  was  done  to 
observe  in  what  manner  the  natural  restoration  of  the  anemia  caused 
by  hemorrhage  takes  place  and  what  changes  in  the  direction  of  mor- 
phology are  brought  about. 

Experiment  1.  Rabbit  weighing  2500  grams  was  bled  65  cc.  from 
the  carotid  artery.     The  animal  has  been  always  in  a  good  condition. 

It  may  be  seen  from  figure  I  that  if  the  blood  of  20-30  cc.  per  kilo- 
gram of  body  weight  is  depleted,  the  number  of  red  cells  of  the  animal 
is  generally  reduced  by  40  per  cent  or  more  of  its  original  amount  and 
with  a  gradual  improvement  it  will  return  to  normal  level  two  weeks 
later. 

As  to  morphological  changes,  polychromatophilia  was  especially  notice- 
able, This  kind  of  red  cells  appeared  in  twelve  or  twenty-four  hours 
after  hemorrhage,  and  gradually  increasing  in  number  they  reached  the 
highest  point  on  the  third  or  fourth  day,  disappearing  again  in  the  course 
of  a  week.  These  polychromatic  red  cells  arelargerthan  normal  red  cells, 
so  the  blood  has  appearance  of  a  remarkable  anisocytosis.  Erythro- 
blasts  and  basophilic  punctates  may  also  be  seen  more  or  less  in  the 
early  stages  of  anemia,  but  they  are  rather  inconstant  or  few  in  number. 
These  results,  as  is  well  known,  indicate  an  abnormal  activity  on  the 
part  of  the  bone-marrow  in  the  sense  of  compensation  for  a  loss  of 
blood  cells  by  hemorrhage. 

Tranafu»i(m  experiment.  From  the  above  recorded  fact  it  is  easily 
expected  that  if  transfused  red  blood  corpuscles  may  function  in  the 
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4  HISANOBU   KAMBE    AND   ETSUZO    SOMITA 

animal  body  and  an  amount  of  blood  is  enough  to  make  up  for  the  pre- 
vious deficit  and  if  replacement  is  done  as  soon  as  the  animal  has  been 
bled,  there  will  not  occur  any  change  in  the  blood  picture,  neither 
numerically  nor  morphologically,  the  bone-marrow  being  subjected  to 
no  anemic  stimulation,  while  in  the  reverse  case  such  changes  will  take 
place. 

In  general  we  have  noted  the  volume,  the  erythrocyte  coimt  and 
the  hemoglobin  of  the  drawn  blood,  and  have  calculated  from  these 
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the  amount  of  cell  suspenaion  of  known  hemoglobin  content  that  should 
be  injected  to  restore  the  animal's  hemoglobin  content  to  the  normal. 

Experiment  2.  Rabbit  weighing  2000  grams  was  bled  (40  cc.)  from 
the  carotid  artery,  and  then  50  cc.  of  defibrinated  fresh  blood  were  in- 
jected at  once.     The  animal  was  very  lively. 

In  the  case  in  which  transfusion  was  done  immediately  after  bleeding, 
neither  hemoglobin  content  nor  number  of  red  cells  indicates  any  change, 
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as  figure  2  shows;  morphological  figures  are  entirely  the  same  with  the 
normal. 

Experiment  3.  The  used  rabbit  weighed  3000  grams.  Seventy-6ix 
cubic  centimeters  of  blood  were  taken  and  after  about  20  hours  the 
same  amount  of  defibrinated  fresh  blood  was  injected. 

In  the  case  in  which  blood  has  been  replaced  within  twelve  or  twenty- 
four  hours  after  bleeding,  the  hemoglobin  content  as  well  as  the  red  cell 
count  returned  to  normal  level  simultaneously  with  the  injection,  while 
the  disappearance  of  polychromatophilia  and  anlsocytosis  took  place 
after  a  few  days,  but  in  this  case  the  degree  of  morphological  change  was 
milder  and  the  duration  of  its  appearance  shorter  than  those  of  the  con- 
trol experiment  (fig.  3).  This  fact  illustrates  that  the  bone-marrow 
was  subjected  to  a  transitory  stimulation,  a  certain  time  having  elapsed 
before  injection. 

As  is  evident  from  the  results  of  the  above  experiments,  the  trans- 
fused red  blood  corpuaclee  are  capable  of  functioning. 

Among  these  latter  experiments  we  met  with  two  very  interesting 
instances,  that  is,  the  animal  dealt  with  as  just  described  developed  a 
sudden  anemia  on  the  fourth  day  after  the  blood  pictures  had  once 
returned  to  normal.  Furthermore  polychromatophilia  and  aniaocy- 
tosis  in  a  large  number,  corresponding  to  the  number  of  red  cells, 
appeared  again  in  circulation.  This  anemia  returned  to  normal  condi- 
tion in  the  course  of  fourteen  days  as  in  the  case  of  the  experiment  1 
(Sg.  4). 

Experiment  4-  Rabbit  of  body  weight  of  2750  grams  was  bled  60  cc. 
at  one  time  from  the  carotid  artery.  After  four  hours  65  cc.  of  de- 
fibrinated blood  kept  in  ice  for  forty-eight  hours  were  introduced. 
Animal  remained  in  very  excellent  condition,  very  lively. 

These  results  indicate  evidently  that  the  transfused  red  cells  were 
destroyed  on  the  fourth  day  after  transfusion.  We  shall  refer  to  the 
possible  reason  for  this  later. 

Our  study  will  turn  now  to  determine  how  long  these  red  cells  are 
kept  alive  from  the  view  of  their  capacity  of  functioning  in  the  animal 
body.  Landois,  who  has  studied  this  problem  extensively,  states  that 
cells  kept  for  two  days  at  5°C.  exert  no  harmful  effect  on  the  animal,  but 
those  kept  for  three  days  give  rise  to  albuminuria  and  hematuria  and 
cause  death  on  the  second  day  after  transfusion.  In  1916  Rous  and 
Turner  (4)  developed  a  method  for  preserving  living  red  blood  cells  in 
vitro  and  determined  the  length  of  their  life  by  means  of  transfusion 
(5).  This  is  the  only  report  which  paid  attention  to  the  morphology, 
so  far  as  we  are  able  to  find  in  the  literature. 
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They  found  that  erythrocytes  preserved  in  mixture  of  blood,  sodium 
citrate  and  water  for  fourteen  days  remained  in  circulation  and  func- 
tioned so  well  that  the  animal  showed  no  disturbance,  and  the  blood 
count,  hemoglobin  and  percentage  of  reticulated  cells  remained  un- 
varied, while  cells  kept  for  twenty-three  days,  though  apparently  intact 
and  unchanged  when  transfused,  soon  left  the  circulation. 


Fig.  4 

Our  experiments  were  made  with  defibrinated  blood  and  blood- 
citrate-dextrose  mixture  to  determine  the  availability  for  functional 
use  of  red  cells  kept  In  vitro. 

Experiment  with  defibriTiated  blood.  When  sterile  blood  was  put  at 
once  on  ice  it  showed  no  trace  of  hemolysis  in  the  supernatant  fluid  alter 
ten  days,  white  on  the  twentieth  day  of  preservation  a  very  slight  he- 
molysis was  seen,  but  the  number  of  red  cells  did  not  show  a  marked 
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7IABILITT   OF  BED   BLOOD   CELLB  7 

decrease,  and  the  morphological  character  of  the  cells  seemed  entirely 
normal.  When  blood  was  kept  for  thirty  days,  there  was  Bome  he- 
molysis and  also  an  appreciable  decrease  in  number  of  red  cells.  In  the 
fresh  and  stained  preparations  the  blood  appeared  normal.  In  experi- 
ments  5,  6,  7  and  8  the  blood  thus  preserved  for  various  periods  was 
transfused. 


Fis.  5 

ExperimerU  5.  Rabbit  weighing  2300  grams  was  bled  twice  (55  and 
35  CO.).  After  twenty-four  hours  the  equivalent  amount  (hemoglobin 
content  90  per  cent)  of  defibrinated  blood  kept  for  three  days  was 
injected. 

Experiment  6.  Rabbit  weighing  2050  grams  was  bled  (40  cc.)  and 
twenty-four  hours  later  38  cc.  of  blood  which  had  been  taken  eleven 
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days    previously    were    injected    (number    of    cells    in    transfusatc 
5,456,000  in  cmm.}. 

Experiment  7.  Body  weight :  2100  grams.  The  recipient  rabbit  was 
bled  (50  cc.)  and  at  once  the  same  amount  of  blood  preserved  for  twenty 
days  was  transfused.     The  animal  manifested  at  no  time  symptoms  of 
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As  shown  in  charts  5,  6  and  7,  red  blood  cells  in  defibrinated  blood 
are  capable  of  functioning  even  when  they  have  been  kept  in  vitro  for 
three  weeks. 

Experiment  8.  Experiments  were  a!l  done  with  cells  kept  for  thirty 
days  in  vitro. 

A.  An  animal  weighing  3150  grams  was  bled  twice  (70  cc.  and  30 
cc),  and  an  equivalent  amount  of  kept  cells  was  injected.  The  rabbit 
lived  for  two  days  but  neither  the  number  of  red  cells  nor  the  hemo- 
globin content  returned  to  normal.     In  morphological  figures  there 
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appeared  noteworthy  alterations  correspODcling  to  this  change  (fig.  8, 
A). 

B.  Body  weight  1900  grams.  The  animal  was  bled  38  cc.  and  then 
50  cc.  of  blood  (cell  count  in  c.mm.:  3,112,000)  were  introduced.  This 
rabbit  was  alive  for  a  long  time  after  the  operation,  without  showing 
any  increase  in  number  of  red  cells  and  hemoglobin  percentage  in  con- 
sequence of  transfusion.  Thus  in  natural  recovery  of  above  mentioned 
anemia,  they  returned  to  normal  in  the  course  of  ten  days.  At  this 
time  an  appreciable  change  in  morpholt^iy  was  noted. 

Two  other  animals  died  within  one-half  or  one  hour  after  transfusion. 
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Fig.  7. 

Both  animals  contained  pitch-dark  colored  hemoglobinuria  in  the 
bladders. 

Transfusion  with  celU  kepi  in  a  blood-citraie-dextroae  mixture.  For  the 
purpose  of  preservation  three  parts  of  the  blood  were  mixed  with  five 
parts  of  isotonic  citrate  and  two  parts  of  isotonic  dextrose  solution. 
When  they  were  to  be  used  the  supernatant  fluid  was  pipetted  c^,  the 
celb  su^wnded  in  0.85  per  cent  sodium  chlorid  solution  until  the 
original  quantity  of  blood  was  reached  and  then  used  for  injection.  The 
mixture  could  be  kept  for  one  month  without  showing  any  trace  of  he- 
molysis. On  the  thirtieth  day  there  began  to  appear  a  very  slight 
hemolysis. 
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Experiment  9.  Rabbit  weighing  2500  grams  was  bled  (50  cc.)  and 
replaced  after  twenty-four  hours  with  60  cc.  blood  (Dumber  of  blood 
corpuscles  4,516,000  in  cmm.)  which  had  been  kept  for  thirty  days. 

Aa  figure  9  illustrates,  the  result  was  entirely  similar  to  those  cases 
in  which  fresh  blood  was  transfused. 

Experiment  iO.  A  rabbit  weighing  2860  grams  was  used.  Two 
bleedings  (60  cc.  and  35  cc.)  were  effected;  after  having  left  the  animal 


Fig.  8 

in  anemic  condition  for  forty-eight  hours,  there  appeared  a  large  niun- 
ber  of  young  cell  forms  in  the  circulation.  After  transfusion  with  an 
equivalent  amount  of  blood  cells  preserved  in  ice  for  forty  days,  these 
cells  disappeared  within  a  few  days  from  the  circulation,  indicating 
that  the  transfused  blood  corpuscles  function  entirely  normally  (fig.  10). 
In  this  experiment  it  happened  that  the  red  cell  count  showed  a  grad- 
ual decrease  from  the  fifth  day  after  transfusion,  reaching  its  maximum 
drop  on  the  ninth  day,  after  which  a  gradual  recovery  ensued.    Mor- 
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pbolo^cal  figures  ran  parallel  to  the  changes  in  number  of  red  blood 
corpuscles.  Marked  polychromatophilia  and  anisocytosis,  etc.,  which 
once  had  been  restored  to  normal,  appeared  again  on  the  tenth  day,  but 
at  the  time  of  recovery  from  anemia  had  disappeared  altogether. 

The  experiments  bo  far  have  shown  that  red  cells  may  preserve  their 
vitality  in  vitro  for  a  long  period,  namely,  in  defibrinated  blood  for 
twenty  days,  in  the  mixture  of  blood-citrate-dextrose  even  for  thirty 
days  or  more,  and  may  function  normally  in  the  animal  body  when 
transfused.    Our  results  therefore  differ  somewhat  from  the  findings  of 
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Fig.  9 

Rous  and  Turner  who  concluded  that  cells  kept  for  twenty-three  days 
in  their  preservative  mixture,  though  apparently  intact  and  unchanged, 
soon  left  the  circulation. 

Preceding  the  conclusion  of  this  work  we  will  touch  briefly  on  the 
cause  of  the  peculiar  cases  of  acute  anemia  above  mentioned  (exper.  4), 
which  have  developed  at  a  certain  period  after  transfusion.  At  first  we 
assumed  that  this  anemia  may  occur  due  to  the  destruction  of  red  cells, 
being  caused  by  the  injurious  effect  on  the  function  by  cold,  because 
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such  transfusion  experiments  with  blood  preserved  in  ice  showed  in 
succession  the  same  results,  having  initiated  a  sudden  drop  of  hemoglo- 
bin on  the  fourth  day  after  transfusion.  But  it  became  evident  after- 
wards, as  a  number  of  experiments  proved,  that  this  destruction  of  red 
cells  is  not  simply  due  to  the  preservation  or  the  refrigeration  by  ice. 
Rous  and  Robertson  (6)  made  a  report  similar  to  ours,  having  injected 
10  cc.  of  blood  every  other  day.    They  stated  that  in  several  animals 


Fig.  10. 

in  which  the  agglutinin  was  strongest,  the  plethora  was  suddenly  suc- 
ceeded by  severe  anemia,  despite  continued  transfusion. 

Not  having  made  any  serological  researches,  we  hesitate  to  assert 
whether  or  not  in  our  cases  such  strong  agglutinin  was  also  existing. 
We  could,  however,  demonstrate  afterwards  occasionally  in  a  number  of 
transfusion  experiments  such  hemoagglutinin,  though  not  so  strong, 
similar  to  that  pointed  out  by  the  above  authors  with  regard  to  the 
character  of  temperature  control  of  the  agglutination,  the  persistence 
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of  the  agglutinating  principle  and  many  other  points.  Among  those 
cases  we  had  one  instance  (exper.  10)  which  developed  anemia  on  the 
fifth  day  after  transfusion,  but  more  slowly  than  the  acute  cases  above 
stated,  reaching  ita  maximum  in  the  course  of  four  days. 

The  plasma  of  this  rabbit  agglutinated  not  only  the  cells  of  its  own, 
but  also  those  of  the  same  species  and  showed  this  activity  even  when 
diluted  150  times;  it  was  also  disposed  to  have  stronger  activity,  in 
spite  of  a  gradual  recovery  of  anemia. 

Rous  and  Robertson  reported : 

We  have  chilled,  without  result,  two  plethoric  rabbits  possessiDg  a  weak  agglu- 
tiiuD  ia  the  hope  of  initiating  a  drop  in  the  hemoElobia.  The  chilling  was  accom- 
plished by  means  of  ice-cold  water,  in  which  the  well  shaved  ear  of  the  rabbit  wM 
submerged  for  i  or  1  hour.  Throughout  this  period  the  circulation  in  the  cold 
ear  was  exceptioaaJly  good.  The  rectal  temperature  fell  to  37°C.,  considerably 
below  the  normal  for  the  rabbit,  but  not  enough  to  produce  the  in  vitro  agglu- 
tination of  blood  corpuscles. 

It  seema  probable  that  the  agglutinin  above  described  including  also 
the  case  of  Rous  has  no  direct  causal  relation  to  such  anemia  and  the 
question  arises  whether  an  uncommon  hemolysin  may  play  perhaps  an 
important  rdle. 

Furthermore  the  fact  that  such  occurrence  has  been  noticed  only  in 
the  experiments  performed  in  cold  winter  time  and  not  in  other  seasons, 
leads  us  to  believe  that  it  may  have  some  connection  with  paroxysmal 
hemoglobinuria. 


1.  Transfused  red  cells  even  preserved  in  ice  for  a  long  time,  not  to 
mention  fresh  blood,  are  capable  of  functioning  if  transfused  into  the 
animal  body  of  same  species. 

2.  Erythrocytes  preserved  as  defibrinated  blood  maintain  their  nor- 
mal vitality  for  twenty  days,  in  the  mixtures  of  isotonic  sodium  citrate 
and  isotonic  dextrose,  even  for  thirty  days  and  more;  thus  they  may  be 
used  to  replace  the  blood  lost. 

3.  A  sudden  anemia  occasionally  develops  a  few  days  after  trans- 
fusion. There  is  a  possibility  that  this  is  due  to  the  isolysin,  even 
though  it  occurred  only  in  isolated  cases.  We  are,  however,  unable  to 
draw  a  sure  conclusion  from  the  present  work,  but  will  pursue  further 
our  studies  which  may  throw  some  light  on  this  point. 
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Three  years  ago,  in  connection  with  work  on  nerve  crossing  between 
the  phrenic  and  vagus,  attention  was  again  directed  to  the  doubt 
existing  as  to  the  possibility  of  functional  return  after  section  and 
sutiire  of  the  vagus.  This,  according  to  Langtey  (1)  and  Tuckett  (2), 
and  more  recently  by  Schaffer  (3)  is  doubtful  or,  if  it  occurs,  it  does  so 
only  after  the  lapse  of  years.  As  a  control  on  other  work  it  was  decided 
to  repeat  the  old  experiment  of  section  and  suture  of  one  vagus  leaving 
the  other  intact  and  after  as  long  a  time  for  recovery  as  practicable  in 
the  laboratory,  test  the  nerve  for  functional  activity.  In  order  to 
avoid  the  uncertainties  involved  in  testing  functional  regeneration  by 
electric  stimulation,  resort  was  made  to  the  old  suggestion  of  subse- 
quently cutting  the  intact  vagus  leaving  the  regenerating  nerve  to 
exert  such  action  as  it  might.  This  conclusion  was  forced  by  the 
negative  results  following  stimulation  of  the  nerve  when  only  a  few 
months  were  allowed  for  regeneration.  The  results  of  this  series  of 
experiments  confinned  the  similar  experiments  made  by  others  using 
the  same  method  (1),  (4). 

The  first  series  of  experiments  consisted  of  four  cats  and  one  dog  in 
each  of  which  one  vagus  and  cendcal  sympathetic  were  sectioned  and 
sutured  just  below  the  level  of  the  thyroid  gland.  After  time  intervals 
of  from  three  weeks  to  six  months  the  nerve  was  tested  electrically  with 
the  animal  under  ether  anesthesia  and  with  arterial  pressure  recorded 
from  the  carotid  artery  (table  1).  In  every  case  it  was  found  that 
while  stimulation  of  the  normal  nerve  produced  the  usual  cardiac 
inhibition  and  fall  in  blood  pressure,  the  stimulation  of  the  previously 
sectioned  and  sutured  nerve  caused  no  cardiac  inhibition  and  no  gastric 
motor  effects  when  stimulated  on  either  side  of  the  point  of  suture. 
Stimulation  of  this  trunk  above  and  below  the  scar  did  cause  the  usual 
respiratory  inhibition  and  gave  reflex  effects  on  the  blood  pressure. 
With  reference  to  the  actual  recovery  of  efferent  fibers,  Tuckett  states 
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that  after  three  years  this  docs  occur.  The  only  other  similar  positive 
statement  that  I  have  found  is  that  of  a  single  observation  of  Stewart 
(5),  of  which  he  states  that  "some  regeneration  appeared  to  have  taken 
place  (after  three  hundred  days)  since  stimulation  of  the  nerve  caused 
slowing  and  weakening  of  the  heart." 


In  each  animal  of  thin  seriei  one  vagus  umu  aectiontd  and  gutured,  except  in  the  case 
of  cat  17  in  which  the  nerre  uxis  crushed  by  hemoelalie  foreepa  and  not  sectioned. 
After  the  timt  infervols  indicated  in  the  UAle,  the  animals  were  etherized,  carotid 
blood  ■prestwe  tracings  made  and  both  the  normal  and  the  previously  sectioned 
vagi  were  stimulated  with  tetanUing  current.  Stimulation  was  applied  above  and 
below  the  scar  of  union,  but  in  no  case  did  the  effects  differ.  In  all  the  animals 
of  Ihie  series  it  was  found  at  aalopsy  that  the  two  ends  of  the  nerve  toere  untied  by 
a  email  n 
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Of  the  second  set  of  animals  only  two  dogs  survived  the  long  time 
set  for  the  experiment  (tables  2  and  3.)  In  two  dogs,  nos.  95  and  96, 
twenty  and  sixteen  months  respectively  elapsed  between  the  section 
of  the  one  nerve  .<ind  the  section  of  the  remaining  vagus.  In  one  case 
the  animal  lived  thirty-four  days  and  in  the  other  sixteen  days  after 
cutting  the  second  nerve.  The  cause  of  death  in  both  cases  seemed  to 
be  starvation  due  to  paralysis  of  the  esophagus  and  continued  vomitii^ 
which  followed  attempts  to  eat.  Respiration  continued  at  a  normal 
rate  and  amplitude  during  this  interval  of  life,  save  that  at  times  both 
dogs  showed  a  hiccough-Uke  disorder  associated  with  cough  that 
seemed  to  be  due  to  irritation  of  the  respiratory  tract  by  vomited  mate- 
rial.   This  continuation  of  normal  breathing  might  be  considered 
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confirmatory  of  Schoffer's  recent  findings  that  section  of  the  vagi  in 
the  cat  cauaes  little  change  in  the  respiratory  rhythm  provided  asphyxia 
be  prevented  by  keeping  the  larynx  open.  The  fact  noted  in  the 
tabulated  findings  that  in  one  of  my  animals  the  section  of  the  regen- 
erated nerv-e  after  the  previous  section  of  the  other  vagus  was  followed 
by  a  slowing  and  deepening  of  the  breathing,  indicates  r^eneration 
had  occurred,  of  either  or  both,  the  afferent  pulmonary  fibers  or  motor 
fibers  to  the  laryngeal  muscles.  According  to  Vanlair  (6),  functional 
r^^eration  of  the  motor  fibers  of  the  recurrent  laryngeal  nerve  can 
be  demonstrated  after  one  year.  The  facts  just  stated  above  seem  to 
confirm  this  finding  of  Vanlair  but  unfortunately  the  writer  was  unable 
in  this  dog  to  make  any  observation  as  to  the  part  played  by  the  larynx 
in  this  change  of  respiration. 

With  reference  to  the  heart  an  interesting  condition  was  found 
Electrical  stimulation  of  the  regenerating  vagus,  with  the  animal 
under  ether  anesthesia,  caused  no  cardiac  inhibition.  Sectioning  of 
the  normal  nerve  so  as  to  leave  only  the  regenerating  nerve  in  relation 
to  the  heart,  was  followed  by  a  marked  increase  in  the  rate  of  the  heart 
beat.  These  facts  of  negative  results  to  electric  stimulation  and  an 
immediate  increase  of  the  heart  rate  after  cutting  the  remaining  normal 
nerve  indicate  that  the  regenerating  nerve  was  not  functional  for  it  is 
common  knowledge  that  section  of  only  one  vagus  leads  to  only  a  sl^ht 
cardiac  acceleration.  This  concltision  was  subsequently  confirmed  by 
cutting  the  regenerating  nerve  which  caused  no  change  in  the  heart 
rate  (table  2). 

In  spite  of  these  indications  of  absence  of  function  in  the  regenerat- 
ing fibers,  the  rate  of  the  heart  beat  duly  became  less  and  in  two  weeks 
the  rate  was  that  of  a  nonnal  animal.  In  other  words,  with  one  vagus 
d^enerated  and  the  other  not  functional,  the  cardiac  rhythm  returned 
to  a  normal  rate.     This  fact  was  also  noted  by  Stewart. 

When  this  stage  of  recovery  had  been  reached,  the  injection  of  atro- 
pine, gave  a  tremendous  increase  in  the  heart  rate.  This  effect  was 
evidently  due  to  some  other  factor  than  that  of  paralysis  of  vagus 
fibers.  The  writer  hesitates  to  speculate  on  the  mechanism  of  this 
atropine  effect.  It  recalls  the  observation  of  Carlson  (7)  that  atropine 
stimulates  the  heart  ganglion  of  Limulus  and  su^ests  that  the  usual 
effect  of  atropine  in  the  normal  animal  is  twofold,  paralyzing  the 
extrinsic  inhibitors  and  stimulating  the  automatic  nerve  mechanism. 

In  dog  95  a  fortunate  incident  gave  direct  ocular  proof  of  the  fact 
that  the  vagus  inhibitory  fibers  to  the  heart  can  regenerate.    As  stated 
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TABLE  1 
Dog   98 
July  4,.  191S.    SectioD  and  luture  of  the  right  i 

three  and  a  half  monthB  of  age 
October  15,  1919.    Gaatric  fistula  is  made 


ago-aympathetic.    The  dog  ii 
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■0^™ 

«»..™o- 

"/i" 

Nov 

1 

2:00  p.m. 

Dog  quiet 

12  per  min. 

S4 

Nov 

1 

5:00  p.m. 

Left      vagus 
eectioaed 

Nov 

1 

10:00  p.m. 

12  per  min. 

230 

Vomiting     during 
the  night 

Nov 

2 

11:00  a.m. 

20  per  min. 

102 

Nov 

2 

9:00  p.m. 

9-12  per  min. 

Nov 

3 

14  per  min. 
irregular 

130 

Eating       without 
vomiting 

Nov 

4 

13  per  min. 
irregular 

142 

Eating  and  vomit- 
ing 

Nov 

S 

8    per  min. 
labored 

142 

Vomiting       and 
cough 

Nov 

« 

9  easier 

140 

Alert,    wags    tail. 
Vomits      and 
coughs 

Nov. 

7 

10  per  min. 

136 

Eats  nothing 

Nov 

11 

3:00  p.m. 

Stomach  trao- 
ing  made 

10  per  min. 

116 

Getting  very  thin 

Nov 

11 

4:30  p.m. 

0.3  ec.  of  0.1 
per     cent 
atropine 

Nov. 

11 

6:00  p.m. 

149 

Nov. 

12 

1:00  p.in. 

10  per  min. 

114 

Very     thin,     eats 
nothing 

Nov. 

12 

5:00  p.m. 

Cut  the  right 
vagus 

Nov. 

12 

11:00  p.m. 

5  per  min. 

112 

Nov. 

14 

2:00  p.m. 

6  per  min. 

92 

Nov. 

14 

3:00  p.m. 

0.3  cc.  atro- 
pine 0.1  per 
cent 

Nov. 

14 

3:15  p.m. 

6  per  min. 

160 

Nov. 

14 

6:00  p.m. 

6  per  min. 

122 

Nov.  16,  2:00  p.m.    Dag  dead.    Lungs,  hyperei 
pockets,  I  inch  diam.    Scrape  ,of  food  in  stomach. 
united. 

Observations  at  time  of  cutting  the  second  vagus,  November  1,  1920. 


lie  patches  with  two  pus 
The  two  ends  of  the  vagi 
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Blood  pressure  recorded  from  the  left  carotid  artery. 

Balloon  in  Btotnach  connected  with  water  manometer,  to  record  gastric  con- 
tractions  and  respiration. 

Dog  under  ether  anesthesia:  itimulation  with  tetanizing  current. 

1.  Effects  of  stimulating  left  vagus  before  the  nerve  was  cut. 

Heut,  inhibition  and  fall  of  carotid  pressure  (fig.  1,  A).  Respiration, 
inhibition. 

Stomach,  strong  contraction  followed  by  weaker  ones  (fig.  1,  A). 

2.  Effects  of  stimulating  the  right  nerve  which  had  been  cut  and  sutured. 
Stimulation  central  to  the  scar  of  union. 

Heart,  no  inhibition.    Rise  in  blood  preBSure. 

Stomach,  no  contraction. 

Respiration,  inhibited. 

Stimulation  peripheral  to  scar  of  union. 

Heart,  no  change.    Rise  in  blood  pressure  (fig.  1,  B). 

Stomach,  no  contraction  (fig.  1,  B). 

Respiration,  inhibited. 

8.  Repeat  the  stimulation  of  the  normal  nerve. 

Normal  effects  on  heart  and  stomach,  as  in  paragraph  1  above. 

i.  Cut  the  left  vagus  and  closed  the  wound  in  the  neck. 

previously,  the  dogs  seemed  to  die  of  starvation.  Two  or  three  days 
before  death  the  animals  became  inactive  and  went  into  a  comatose 
condition.  In  the  case  of  this  animal,  I  chanced  to  find  him  when 
death  was  inmiinent.  The  dog  was  cold  to  touch,  breathing  was  barely 
preceptible  at  three  or  four  times  per  minute.  Since  the  animal  was 
dying,  it  was  killed  by  opening  the  thorax  without  anesthesia.  The 
heart  was  beating  slowly  at  the  rate  of  40  per  minute.  The  regenerat- 
ing vagus  trunk  was  stimulated  by  tetonizing  current,  twice  above  and 
twice  below  the  scar  marking  the  point  of  suture.  Each  time  of  stimu- 
lation the  heart  ceased  beating  for  five  to  ten  seconds  and  resumed 
beating  at  a  slower  rate  than  that  preceding  the  stimulation.  Unless 
there  be  accessory  cardiac  fibers  outside  the  main  vago-sympathetic 
trunk,  which  had  escaped  section,  this  observation  indicates  that 
regeneration  of  the  vago4nhibitory  fibers  may  occur  if  sufficient  time 
be  allowed.  And  it  lends  force  to  the  criticism  that  electric  stimulation 
of  r^enerating  nerves  in  anesthetized  animals  is  not  a  wholly  reliable 
test. 

In  dog  96  a  gastric  fistula  was  made  a  month  before  cutting  the 
second  vf^us.  When  this  animal  was  etherized  at  the  time  of  cutting 
the  second  nerve,  comparative  graphic  tracings  were  made  of  the  motil- 
ity changes  in  the  stomach  after  stimulating  the  normal  and  the  r^en- 
crating  nerve.    Under  light  anesthesia,  stimulation  of  the  normal 
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vfigus  caused  a  strong  contraction  followed  by  smaller  peristaltic 
waves.  Stimulatios  of  the  regenerating  vagus  a  few  minutes  later 
caused  no  detectable  contraction  of  the  stomach  (Sg.  1).    Two  weeks 


Dog  9B.    AdvU  broum  bull  dog 
March  7,  1918.    Sectioned  the  right  v&go-sympathetic  and  dropped  the  ends 

together  in   the  carotid  eheath.     The  aheatb  was  then  closed   by  two 

etitchea,  but  none  were  talten  through  the  nerve  ends 
November  5,  1919.    The  left  vago-Bympathetic  was  sectioned 


-«. 

■ODI 

S^s 

Fuua 

.««« 

Nov.   5 

1:00  p.m. 

Before  operating 

IS 

74 

Dog  active 

Nov.   5 

2:00  p.m. 

Cut    left    vago- 
sympathetic 

Nov.    8 

14 

147 

Eating.  Chaaes  guinea 
pig 

Nov.    7 

12 

142 

Drinks  water;  vomiU 
solid  food 

Nov.  15 

12 

124 

Nov.  17 

Dog  emaciated 

15 

146 

Drinks  milk 

Nov.  18 

12 

112 

Frequent  hiccough 

Nov.  19 

2:00  p.m. 

12 

108 

Dog  shivering,  hiccough 

Nov.  19 

2:45  p.m. 

Given  0.3  cc.  of 

Nov.  19 

3:15  p.m. 

12 

180 

Nov.  19 

7:30  p.m. 

12 

120 

Nov.  20 

16 

129 

Dog  eats  and  then  vom- 
iU.    Is  very  thin 

Nov.  21 

Dog  is  fed  soft 
food  only 

Vomiting  reduced 

Dec.    1 

Continued  progressive 
emaciation 

Dec.    8 

Will  not  eat 

Lies  quietly;  does  not 
move  about 

Deo.    9 

Thorax  opened, 
vagi  stimulated 

Dog  comatoee 

Dec.    9 

Autopsy 

Lungs  have  scattered  hyperemic  areas  but  no  consolidation.  One  smalt  pus 
pocket  found.  Stomach  empty,  normal  appearance.  Heart  normal.  The  two 
ends  of  left  vagus  united  by  a  em^ler  strand  of  tissue. 

after  cutting  tiie  second  vs^s,  tracings  were  made  of  the  hunger  con- 
tractions in  this  dog  (fig.  2).  These  were  similar  to  those  occurring 
before  cutting  the  second  nerve  but  not  so  vigorous.     These  contrac- 
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tions  were  promptly  abolished  by  atropine.  This  is  suggestive  of 
direct  paralysis  of  the  vagus  fibers  in  the  regenerating  nerve  but  it  does 
not  prove  that  regeneration  of  the  gastro-motor  fibers  had  occurred, 
for  this  inhibition  might  have  been  due  to  any  of  the  following  possible 
factors:  a,  a  direct  action  on  the  intrinsic  plexuses  as  suggested  by 
Magnus  for  the  intestine;  b,  inhibition  through  the  splanchnics  as 
result  of  central  stimulation  by  the  atropine;  c,  or  some  possible  rela^ 


Pig.  1.  A.  StimulatioD  of  noimal  vagua,  dog  96.  Carotid  blood  pressure  and 
balloon  in  etomsch  to  record  respiration  and  stomacb  contractiona.  The  stomach 
tracing  is  above  the  blood  preasure  record  on  the  left  side  of  figure  A  and  drops 
below  on  the  right  aide.  Cardiac  inhibition,  respiratory  inhibition  and  contrac- 
tion of  the  stomach  followed  stimulation  of  the  nerve. 

B.  Stimulation  of  the  right  vagus  sixteen  months  after  section  and  approxi- 
mation of  the  ends  of  the  nerve.  No  cardiac  inhibition,  no  stomach  contrac- 
tion, inhibition  of  respiration  and  a  riae  in  blood  pressure  followed  atimulation 
of  the  nerve  below  the  scar  of  union.    Ether  used  as  anesthetic. 

tion  to  the  secretion  of  epinephrin.  All  other  evidence  in  this  dog 
indicated  that  these  gastric  fibers  were  not  functional  and  hence  the 
observation  indicates  that  atropine  will  inhibit  gastric  contractions 
independently  of  whether  or  not  the  vagus  fibers  are  active.  At  any 
rate,  electric  stimulation  of  the  regenerating  nerve  in  the  anesthetized 
animal  gave  no  gastric  motor  effects  and  atropine  abolished  gastric 
motility  in  the  unanesthetized  condition. 
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Id  these  dogs  in  which  a  year  and  a  half  was  allowed  for  the  regenera^ 
tioD  of  one  vagus  after  section  and  suture,  the  subsequent  division  of 
the  remuning  nerve  was  followed  by  no  appreciable  change  in  the 
rate  of  breathing  or  in  the  amplitude  of  the  respiratory  movements,  so 
far  as  could  be  judged  by  ocular  observation.  Stimulation  above  and 
below  the  scar  of  suture  with  a  tetanizing  current  caused  the  usual 


Fig.  2.  Tracings  numbered  I,  II,  «nd  III  in  order  from  above,  downwards. 
J.  Gastric  hunger  contractions,  dog  96,  Octotwr  28.  Right  vagus  sectioned 
and  sutured  sixteen  months  previously.    Left  vagus  intact. 

//.  November  11,  gastric  hunger  contractions  after  cutting  left  vagus  leaving 
only  the  regenerating  nerve  intact. 

///.  November  II.  Continuation  of  tracing  II.  Thirty  minutes  after  a  sub- 
cutaneous injection  of  0.3  cc.  of  D.  I  per  cent  atropine  sulphate. 

nbibition  of  breathing.  Although  causing  no  cardiac  inhibition  when 
electrically  stimulated  in  the  etherized  dog  there  was  an  immediate 
pressor  effect  on  the  blood  pressure  (fig.  1).  Regeneration  of  afferent 
fibers  in  the  vagus  had  therefore  occurred. 

After  death  the  regenerated  nen'e  of  dog  95  was  excised  for  a  dis- 
tance of  half  an  inch  above  and  below  the  point  of  suture.     This  was 
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stained  by  Raneon's  pyridine  silver  method  for  medullated  and  non- 
medullated  fibers.  Save  that  the  arrangement  of  nerve  fibers  in 
fascicles  below  the  scar  was  not  evident  there  was  no  distinct  difference 
in  the  number  of  nerve  fibers  in  the  regenerated  part  as  compared 
with  that  above  the  point  of  section. 

Id  this  report  no  reference  is  made  to  the  changes  in  the  sympathetic 
nerves  of  the  neck  which  were  cut  simultaneously  with  the  vagi. 


One  vagus  nerve  was  sectioned  aad  the  ends  approximated  so  as  to 
allow  regeneration  to  occur  in  a  series  of  dogs  and  cats.  The  regenerat- 
ing fibers  were  stimulated  electrically  at  time  intervals  varying  from 
one  to  sixteen  months  after  cutting.  These  teste  made  with  the  ani- 
mala  under  ether  anesthesia  gave  no  evidence  of  the  regeneration  of 
either  cardiac  inhibitory  or  gastric  motor  fibers. 

Ill  one  dog  twenty  months  after  one  vagus  was  sectioned,  this  nerve 
was 'stimulated  with  the  dog  in  a  comatose  condition  but  no  ether 
anesthesia.    Distinct  cardiac  inhibition  followed. 

Id  two  dogs,  section  of  the  renoaining  normal  vagus,  sixteen  and 
twenty  months  after  previously  sectioning  and  suturing  the  other,  led 
to  death  in  sbcteen  and  thirty-four  days  respectively.  Apparently 
death  was  due  to  starvatioo  resulting  from  difficulty  in  swaHowing  and 
frequent  vomitii^.  During  the  period  of  life  following  section  of  the 
second  vagus,  the  following  facts  were  noted: 

1.  An  immediate  marked  increase  in  pulse  rate  followed  section  of 
the  second  vagus.  This  slowly  declined  and  after  eleven  to  fourteen 
days  the  rate  was  that  of  a  nonnsl  animal.  At  this  stage  atropine 
caused  a  great  increase  in  the  rate  of  the  heart  beat.  These  effects 
occurred  in  a  dog  in  which  the  regeneratii^  nerve  was  not  functional 
for  subsequent  division  of  the  nerve  caused  no  change  in  the  heart 
rate. 

2.  With  only  the  regenerating  nerve  intact,  but  with  no  evidence  of 
it  being  functional,  atropine  reduced  the  gastric  motility. 

3.  The  rate  of  breathing  with  only  the  regenerating  nerve  intact 
was  the  same  as  it  was  with  one  v^us  intact.  Cuttii^  the  regenerat- 
ing nerve  led  to  the  classic  picture  of  slow  labored  breathii^.  Stimula- 
tion of  the  regeneratii^  nerve  above  and  below  the  scar  caused  the 
normal  respiratory  inhibition  and  pressor  effects  on  the  blood  pressure. 
Regeneration  of  the  vagus  fibers  necessary  to  maintain  the  normal 
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reepiratory   rhjrthm   had   therefore  occurred.    Whether  these  were 
motor  to  the  larynx  or  afferent  from  the  limgs  waa  not  determined. 

After  bilateral  vagotomy,  some  compensatory  process  is  set  up 
whereby  the  pulse  rate  is  broi^t  back  to  normal  in  spite  of  the  absence 
of  the  vaci- 
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EFFECT  OF  VARIOUS  SUBSTANCES  UPON  THE  COAGULA- 
TION OF  CITRATED  PLASMA^ 
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from  the  Department  of  Pkarmacology,  University  of  Minnesota 
Received  for  publication  May  3,  1920 

Although  an  enonnous  literature  has  arisen  upon  the  coagulation  of 
the  blood,  and  the  rdle  of  inorganic  salts,  lipoids  and  tissue  extracts  has 
been  extensively  investigated,  little  has  been  done  along  the  line  of  the 
oi^anic  substances.  I  have  therefore  undertaken,  in  this  paper,  a 
systematic  investigation  of  the  effects  of  bs  many  classes  of  organic 
compounds  as  possible  upon  the  coagulation  of  citrated  blood  plasma. 
It  was  hoped  to  determine  by  this  method  whether  any  substances  or 
radicals  could  be  found  which  might  be  regarded  as  specifically  favoring 
or  specifically  inhibiting  the  act  of  coagulation,  and  which  might  thus 
throw  light  upon  the  intimate  chemical  mechanism  of  coagulation. 


Fresh  beet  blood  taken  from  the  abattoir  at  the  time  of  slaughter 
was  put  into  a  jar  cont^ning  enough  sodium  citrate  solution  to  make 
the  final  mixture  contain  0.5  per  cent  of  the  salt.  This  was  centrifuged, 
put  in  the  ice  box  and  used  the  same  day.*    A  1  per  cent  solution  of 

■  Thesis  submitted  for  the  degree  of  M.D.,  University  of  Minnesota. 

*  Effect  of  age  on  the  activity  of  citrated  plasma.  I.  Citrated  jiliuma  yias 
tested  for  coagulation  time, — when  fresh,  and  also  when  1,  2,  and  3  days  old.  Co> 
agulatioD  time  was  found  to  be  6  minutes,  35  seconds;  S  minutes;  and  7  minutes, 
15  seconds,  respectively.  The  precipitate  formed  during  these  intervals  was  not 
removed. 

II.  Citrated  plasma  was  tested  for  coagulation  time  when  fresh,  11  days,  14 
days,  16  days  and  21  days  old.  Precipitate  formed  removed  in  the  intervals  men- 
tioaed.  Coagulation  time  was  5  minutes,  35  seconds,  and  4  hours  for  the  first 
two;  the  rest  formed  within  a  day  a  small  amount  of  solid  material  which  was 
suspended  in  the  fluid. 

III,  Citrated  plasma  was  divided  into  three  portions  and  tested  for  coagula- 
tion time  in  the  intervals  indicated.  Precipitate  removed  each  time.  Normal 
clotting  time,  13  minutes. 

a.  Tested  when  2,  6,  7,  8  and  9  days  old.    Coagulation  time  15  minutes,  56  seo- 
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dry  crystals  of  CaCl»  in  distilled  water  was  made,  and  this  was  added 
to  the  plasma  at  the  same  time  as  the  substance  whose  effect  on  coagu- 
lation was  being  studied. 

The  tubes  used  were  mostly  small  Wassennann  tubes.  Where  larger 
tubes  were  used  they  were,  whenever  possible,  selected  of  the  same 
size  to  insure  uniformity  of  contact  with  foreign  material.  Observa- 
tioDB  were  all  made  at  room  temperature,  usually  72''F.  It  is  to  be 
noted,  however,  that  during  the  winter  and  spring  months  the  average 
coagulation  time  of  controls  was  8.1  minutes  (the  highest  being  13.4 
minutes  and  the  lowest  being  3.6  minutes),  while  during  the  summer 
months  the  average  coa^pilation  time  of  the  plasma  was  5.6  minutes 

onde;  19  minutes,  16  secoade;  21  minutes,  36  seconds;  3  hours  and  6  hours  respec- 
tively. 

b .  Tested  when  6  and  8  days  old.  The  first  gave  a  coagulation  time  of  40  min- 
utes, IS  seconds;  the  Mcond  was  still  fluid  after  12  hours. 

e.  Tested  when  8  dajre  old.    Stiil  fluid  after  24  hours. 

IV.  Citrated  plasma  was  tested  for  coagulation  time  when  fresh,  4  days,  S 
days,  9  days  and  10  days  old.  At  the  intervals  indicated,  the  citrated  plasma 
waa  divided  into  two  portions;  a  larger  one  containing  the  clear  supernatant  fluid 
and  a  smaller  one  containing  all  of  the  precipitate  formed  during  the  interval. 
The  former  was  treated  again  in  the  same  manner  on  successive  days  as  more 
precipitate  formed.  Normal  copulation  time  4  minutes,  10  seconds.  The  larger 
(supernatant)  fraction  gave  a  coagulation  time  of  3  minutes,  24  seconds;  8  min- 
utes, 28  seconds,  and  8  minutes,  42  seconds,  on  the  4th,  9th  and  10th  days  respec- 
tively. The  first  small  (precipitate'^»>ntaining)  portion  gave  a  coagulation  time 
of  2  minutes,  37  seconds  on  the  4th  day,  and  spontaneous  clotting  on  the  5th  day; 
the  second  small  portion,  3  minutes,  47  seconds  on  the  9th  day;  the  third  small 
portion,  5  minutes,  52  seconds  on  the  10th  day. 

V.  An  extract  was  prepared  from  fresh  citrated  plasma  by  a  method  modified 
from  Wright  (1).  The  plasma  to  which  this  extract  was  added  showed  some 
reduction  in  coagulation  time.  The  results  were  vitiated  by  the  fact  that  the 
extract  was  used  in  a  solution  of  sodium  carbonate;  as  the  latter  substance 
interferes  with  coagulation,  it  masked  the  effect  of  the  extract. 

The  above  observations  suggest  that  the  coagulation  time  of  citrated  plasma 
increases  considerably  with  ^;e.  This  increase  is  more  marked  when  the  precip- 
itate formed  in  the  intervals  is  removed,  but  when  the  precipitate  is  present  in 
larger  amounts,  the  coagulation  time  is  markedly  shorter.  This  fact  suggests 
'that  the  precipitate  contains  something  which  aids  coagulation;  but  whether 
this  is  due  to  the  presence  in  the  precipitate  of  a  definite  thromboplastic  sub- 
stance, or  is  merely  due  to  hydrolytic  dissociation  of  calcium  citrate  with  liber- 
ation of  calcium  ions,  or  to  some  other  entirely  different  factor,  has  not  been  de- 
termined. A  Bubatance  extracted  from  citrated  plasma  also  showed  coagulating 
power;  but  it  is  not  clear  yet  whether  this  substance  is  identical  with  other  keph- 
alin  like  substances  that  can  similarly  be  extracted  from  various  organs  and 
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(the  h^hest  beii^  8  minutes  and  lowest  beii%  2.3  ininutes).  Whether 
Buoh  marked  variation  is  due  to  heat  or  to  some  nutritional  factor  that 
in  some  way  affects  coagulation  time  in  winter  as  compared  with  sum- 
mer, has  not  been  determined.  To  insure  uniformity  and  greater  ac- 
curacy, the  plasma,  CaClt  solution  and  the  substance  used  (when  liquid) 
were  all  measured  from  microburettes  graduated  to  0.1  cc.  The  plasma 
was  measured  out  first  and  then  the  Ca  solution  was  added.  Imme- 
diately afterward  the  chemical  to  be  tested  was  added,  and  tiie  tube 
moderately  shaken  and  mixed.  The  end  point  was  judged  by  Howell's 
method  invertii^  the  tube,  and  time  noted  in  minutes  and  seconds. 
Occasionally  we  experienced  a  little  difficulty  with  this  criterion,  since 
some  of  the  substances  would  give  only  partial  or  incomplete  coagulation. 

A  new  control  tube  was  used  for  each  set  of  experiments  and  for 
each  sample  of  plasma. 

Throughout  the  experiments  care  was  taken  to  test  the  effects  of 
single  Bubetances  rather  than  of  mixtures,  but  this  was  not  always 
possible,  a  fact  which  must  be  borne  in  mind  in  the  interpretation  of 
results.  The  effect  of  water  on  coagulation  time  of  plasma  has  been 
determined  in  a  series  of  experiments,  and  it  was  found  that  there  is  a 
definite,  although  not  very  marked,  diminution  in  coagulation  time. 
It  is  dear,  however,  that  these  results  cannot  be  applied  entirely  to 
solutions  of  substances,  since  these  in  solutions  behave  somewhat  dif- 
ferently than  when  pure,  even  aside  from  the  mere  factor  of  water. 
Where  mixed  salts  were  used,  such  as  choline  HCl  or  tyramine  HCl, 
the  results  cannot  be  applied  entirely  to  choline  or  tyramine  without 
reservation,  since  the  acid  factor  might  mask  their  effect. 

In  the  descriptions  which  follow,  the  word  "clot"  is  used  to  desig- 
nate the  formation  of  a  single  coherent  jelly-like  mass  which  adheres 
to  the  walls  of  the  tube;  the  word  "precipitate"  is  used  to  des^nato 
the  formation  of  discrete  floccuh  which  do  not  cohere  to  one  another 
and  do  not  form  a  jelly.  This  use  of  these  terms  must  be  borne  in 
mind  in  the  interpretation  of  the  results  recorded  in  this  paper. 

RESULTS  OF  EXPSBIUeSTS 

Group  I.  Aliphatic  aeriea 

t.  Formic  add.  All  tubes  formed  thick  viscous  fiuids.  No  distinct 
precinitate  could  be  seen.  The  time  of  solidification  (coagulation)  was 
in  direct  proportion  to  concentration.  The  solid  resembled  more  a 
precipitate  than  a  clot  and  appeared  homogeneous  and  structureless. 


,v  Google 


28  BEN    KAUFMAN 

2.  Acetic  add.  AH  tubes  gave  a  vfiry  flocculent  precipitate,  the 
amount  of  the  latter  being  in  direct  proportion  to  coaceatration.  With 
the  exception  of  the  0.8  per  cent  which  remained  permanently  fluid, 
the  supernatant  fluid  of  the  rest  of  the  tubes  solidified  after  a  few  days; 
it  was  of  a  soft  mushy  consistency  and  no  fluid  could  be  expressed  from 
it. 

5.  Propionic  add.  All  tubes  becune  cloudy  with  the  formation  of 
a  precipitate.  The  0.85  per  cent  tube  was  still  fluid  after  2  hours; 
the  rest  of  the  tubes  solidified  in  2  minutes,  10  seconds;  15  seconds  and 
5  seconds,  (control  5  minutes,  45  seconds),  the  substance  being  very 
soft  and  mushy. 

4.  BiUyric  add.  The  0.85  per  cent  became  cloudy  and  emuUion-like 
with  a  fine  fiocculent  precipitate,  and  remained  permanently  fluid. 
The  2  per  cent  gave  a  very  soft  solid  after  2  days;  the  rest  of  the  tubes 
formed  almost  instantaneously  thick  solid  precipitates. 

■5.  Valeric  add.  llie  0.4  per  cent  mixed  well  but  remained  permar 
nently  fluid  with  formation  of  a  precipitate  and  cloudy  supernatant 
fluid.  The  rest  of  the  tubes  did  not  mix  well,  forming  thick  emulsion- 
like fluids  above  and  a  lai^  precipitate  on  the  bottom.  Of  these,  the 
0.85  per  cent  was  still  fluid  after  3  days;  the  2  per  cent  was  practically 
solid  in  15  minutes;  and  the  4  per  cent  and  7.5  per  cent  formed  almost 
instantaneously  thick  solid  precipitates. 

6.  OUic  add.  On  mixing  an  emulsion  formed  in  the  tubes.  The 
contents  of  all  tubes  were  still  fluid  after  24  hours  with  an  evident  tend- 
ency to  form  sohd  emulsions. 

7.  Formaldekyde.  ITie  clots  were  very  soft,  practically  semi-solid' 
and  very  transparent,  the  transparency  being  more  marked  in  higher 
concentrations.  No  precipitate  was  visible  and  no  fluid  could  be  ex- 
pressed.   The  solid  was  easily  broken  up  into  smalt  piuticles. 

8.  Alcohol.  All  tubes  became  cloudy  and  milky  in  proportion  to 
concentration,  and  a  white  precipitate  separated  out  afterwards.  The 
7.5  per  cent  and  14  per  cent  tubes  solidified  in  time  equal  to  that  of 
control.  The  other  tubes  remained  permanently  fluid.  In  firmness 
the  clots  resembled  the  normal. 

9.  Glycerine.  In  concentration  of  0.S5  per  cent  to  3  per  cent  showed 
some  retardation,  this  beii^  more  marked  in  the  lower  percentages; 
in  concentration  between  4  per  cent  and  7.5  per  cent  no  marked  devia- 
tion from  control  was  evident,  while  in  concentration  above  7.5  per 

*  See  footnote  4. 
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cent  it  again  showed  retardation,  the  effect  increasing  with  increased 
concentration.  The  clots  were  very  firm  and  elastic,  and  no  serum 
could  be  expressed.^ 

10.  Ether.  The  7.5  per  cent  and  the  14  per  cent  mixtures  showed 
considerable  retardation,  the  clots  resembling  normal  in  firmness  and 
consistency.  The  20  per  cent  and  30  per  cent  coagulated  but  partly 
in  30  minutes,  the  rest  remainii^  fluid.  As  the  substance  was  added 
it  did  not  mix  with  the  plasma  and  was  seen  gradually  to  rise  to  the 
top.    In  all  cases,  coagulation  proceeded  from  the  bottom. 

11.  Aetione.  The  4  per  cent,  7.5  per  cent  and  14  per  cent  tubes  formed 
clear  mixtures,  which  coagulated  in  1  hour,  1^  hour  and  2.5  hours 
reqiectively.  The  20  per  cent,  25  per  cent  and  29  per  cent  formed 
turbid,  emulsion-Uke  mixtures  with  precipitation.  The  first  two  were 
found  to  be  solid  after  2  days,  while  the  last  one  remuned  fluid.  The 
clots  were  soft  and  mushy  and  no  fluid  could  be  expressed. 

IS.  Urea.  Iliere  was  no  precipitate  visible.  Clot  softer  than  normal. 
Considerable  retardation. 

IS.  Hexomeihylenamine.  In  all  tubes,  with  the  exception  of  0.1  per 
cent,  there  was  a  settlement  of  the  substance  in  proportion  to  concen- 
tration. There  was  no  apparent  difference  whether  it  was  used  in 
solution  or  in  pure  form,  for  althoi^  the  deviations  in  the  latter  were 
much  more  marked,  coagulation  time  was  practically  normal.  Clots 
were  somewhat  harder. 

H.  HexanuihylenamiTie  and  phosphoric  acid,  50  per  cent  of  each.  All 
tubes  were  fluid  at  first  with  no  evident  signs  of  either  coagulation  or 
precipitation.  In  2}  hours  bectune  thick  and  semi-solid.  Were  all 
found  to  be  solid  in  15  hours,  soft  in  consistency,  with  no  fluid  expres- 
sible, the  solid  resembling  more  a  precipitate  than  a  clot. 

15.  Choline  hydrochloride.  All  tubes  gave  delayed  coagulation  time 
in  proportion  to  concentration.  The  5  per  cent  was  still  fluid  after  a 
half-hour. 

18.  Olycocol,  In  small  concentrations  up  to  3  per  cent  the  tubes 
became  cloudy  while  in  higher  concentrations  the  tubes  formed  a  dis- 
tinct precipitate.  After  18  hours  the  0.3  per  cent  was  solid,  the  0.6 
per  cent  semi-solid,  tlie  rest  solid  white  precipitates. 

*  In  the  course  of  tbe  experiments  it  was  frequently  noted  that  there  naa  a 
considerable  difference  in  tbe  effect  of  various  substances  on  the  character  of  the 
clot.  Thus,  glycerine  gave  a  very  firm  and  elastic  clot;  dioitrobenzol  a  soft  clot, 
while  resorcin  gave  a  firm  clot  in  concentration  up  to  0.5  per  cent  and  a  very  soft 
one  in  higher  percentages,  and  no  fluid  could  be  expressed. 
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17.  Chloroform.  Did  not  mix  with  the  plasma  and  was  seen  floating 
in  it  aa  oily  drops,  gradually  settlii^  to  the  bottom.  Coagulation  pro- 
ceeded from  the  top.     The  clots  were  soft,  clear  and  jelly-like, 

1.  The  first  members  of  the  saturated  fatty  acid  series  show  consider- 
able similarity  in  their  effect  on  coagulation  of  plasma.  They  all  inter- 
fered with  coagulation  by  precipitation,  the  amount  of  the  latter  being 
in  direct  proportion  to  concentration ;  and  the  higher  the  member  the 
more  pronounced  was  the  reaction. 

2.  Oleic  acid  interfered  with  copulation  by  emulsification. 

3.  The  representative  members  of  the  other  group,  namely,  foimalde- 
hyde,  alcohol,  ether  and  acetone,  have  all  produced  the  effect  of  re- 
tardation, interference,  or  both.  The  retardation  produced  by  for- 
maldehyde can  hardly  be  explained  by  precipitation  since  it  did  not 
show  any  visible  chai^;  however,  the  character  and  consistency  of 
the  sohd  suggest  that  it  was  more  like  a  precipitate  than  a  clot, 

4.  Glycerine  did  not  show  any  appreciable  effect  on  coagulation, 
althoi^h  its  power  of  retarding  coagulation  in  very  low  and  very  high 
concentration  is  suggestive. 

Of  the  rest,  glycocol  markedly  interfered  with  coagulation  even  in 
small  concentrations.  The  effect  of  choline  HCl  and  urea  is  consider- 
able less  marked  while  heicametiiylenamine  was  practically  without  any 
effect.  Chloroform  has  shown  a  definite  retardation  and  possible 
inhibition, 

Oroup  II.    Aromatic  Series 

1.  Benzol.  On  mixing,  all  tubes  assumed  a  milky  emulsion-like  ap- 
pearance. The  tubes  solidified  later,  some  showing  a  separation  into 
three  layers,  benzol,  emulsion  and  plasma,  from  the  top  down. 

2.  Phenol.  In  concentrations  of  0.2  per  cent  to  0.85  per  cent, 
normal  or  only  partial  coagulation  was  obtuned,  whether  the  phenol 
was  used  in  pure  form  or  in  solution,  although  the  process  was  more 
complete  when  the  same  strength  was  used  in  solution  than  in  crystals. 
The  clot  formed  was  normal  in  appearance  and  spread  from  the  top 
down.  The  2  per  cent  to  8.5  per  cent  showed  emulsification  and  pre- 
cipitation,  solidifying  later  with  separation  of  fluid. 

3.  Reaordn.  The  0.1  per  cent  to  0.4  per  cent  gave  firm  clots  with 
delayed  coagulation  time;  the  0.85  per  cent  gave  a  soft  clot.  The  2 
per  cent  to  25  per  cent  assumed  an  emulsion-like  appearance  with  sub- 
sequent separation  of  a  precipitate,  not  unlike  phenol,  but  the  tubes 
remaining  permanently  fluid. 
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4.  Beruaidehyde.  Od  mixiBg  all  tubes  became  turbid  and  emulsion- 
like  with  formation  of  a  precipitate,  the  thickness  of  the  emulsion  and 
the  amount  of  the  precipitate  being  in  direct  proportion  to  concen- 
tration. All  tubes  remained  permanently  fluid  except  the  0.85  per 
cent,  which  solidified  very  slowly. 

5.  Benzoic  acid.  The  0.1  per  cent  to  0.4  per  cent  and  2  per  cent  showed 
delayed  or  partial  coa^ation,  in  direct  proportion  to  concentration, 
the  clots  being  less  elastic.  The  0.85  per  cent  gave  a  precipitate  and 
remained  fluid. 

6.  Ben^l  alcohol.  All  tubes  showed  emulsification  and  precipitation, 
in  direct  proportion  to  concentration. 

7.  Nitrobenzol.  On  mixing,  all  tubes  became  turbid,  separating  later 
a  precipitate  which  settled  to  the  bottom  as  a  white  solid  mass,  the 
amount  of  the  precipitate  being  in  direct  proportion  to  concentration. 
The  supernatant  fluid  was  quite  clear  and  coagulated,  the  coagulation 
time  not  varying  markedly  from  normal. 

8.  Dinitrobenzol.  In  spite  of  shaking,  a  considerable  part  of  the 
crystals  settled  to  the  bottom.  Coagulation  time  was  normal.  No 
precipitate  was  visible. 

9.  Cinnamic  add.  The  0.85  per  cent  gave  normal  coE^ulation  time. 
The  2  per  cent  to  4  per  cent  formed  a  hard  surface  scum,  the  material 
below  remaining  fluid  for  a  considerable  time.  Were  all  found  to  be 
clotted  in  60  hours,  the  clots  beii^  paler  in  f^pearance  and  not  as  finn 
in  consistency  as  normal. 

10.  AniliTie.  The  0.85  per  cent  gave  delayed  coagulation,  the  2  per 
cent  partial  coagulation.  The  2.4  per  cent  to  29  per  cent  formed 
emulsion-like  mixtures. 

1 1 .  PhenyUiydrazine.  On  the  addition  of  the  substance  there  was  an 
abnost  instantaneous  precipitation  and  solidification,  the  solid  being 
soft  and  mushy  with  no  fluid  expressible.  The  solid  was  very  much 
unlike  a  clot  and  was  easily  broken  up  into  small  masses. 

1£.  Pyridine.  Tubes  became  cloudy,  pale  and  soon  solidified,  the 
soUd  being  easily  broken  up  into  small  bits  and  masses,  and  resembling 
more  a  precipitate.     No  fluid  could  he  expressed. 

13.  Quinoline.  All  tubes  showed  a  precipitate  on  the  addition  of 
quinoUne,  the  amount  being  In  direct  proportion  to  the  amount  of  sub- 
stance used. 

14-  Tyramine  kydroddoride.  Clots  were  apparently  normal  both  as 
to  color  and  consistency. 

15.  AnUpj/rine.  All  tubes  formed  a  clear  solution  with  no  settlement 
of  antipyrine  or  precipitate  visible.    The  4  per  cent  was  still  fluid 
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after  a  week,  the  7.5  per  cent  was  solid  in  14  hours,  the  solid  being  very 
soft  and  flocculent.  The  rest  solidified  promptly  on  the  addition  of 
the  substance,  the  solids  being  of  soft  gelatinous  conustency  and  with 
no  fluid  expressible.  The  retardation  was  inversely  proportional  to 
concentration. 

16.  Caffeine.  There  was  a  settlement  of  caffeine  on  the  bottom  in 
proportion  to  concentration.  Clota  very  clear,  soft  and  no  fluid  could 
be  expressed. 

The  benzol  series  showed  a  variable  effect: 

1.  Benzol,  aniline  and  benzaldehyde  interfered  with  coagulation  by 
erautsification.  With  phenol  the  effect  is  changed  to  that  of  precip- 
itation, due  to  a  change  in  solubility  by  the  introduction  of  the  OH 
group.  This  effect  is  considerably  weakened  by  the  introduction  of 
(OH)t,  since  resorcin  even  in  very  high  concentrations  did  not  give 
sufficient  precipitation  to  cause  solidification,  an  effect  which  phenol 
produced  in  much  lower  concentration.  Thia  difference  is  also  shown 
by  the  fact  that  in  very  low  concentrations  resorcin  showed  retardation 
agunst  incomplete  coagulation  of  phenol  for  the  same  concentration. 
It  should  also  be  noted  that  phenol  when  used  in  solution  is  more  effec- 
tive than  when  used  in  pure  form. 

2.  Comparing  benzoic  and  cinnamic  acids  it  is  seen  that  both  retard 
cof^ulation,  but  the  action  of  the  latter  is  far  more  marked  than  that 
of  the  former.  Here  too,  probably,  one  of  the  causes  of  the  difference 
may  he  in  their  different  solubilities,  cinnamic  acid  being  the  less  soluble. 

3.  However,  that  solubiUty  alone  cannot  account  for  all  the  effect  of 
a  substance  on  coagulation  b  seen  in  the  case  of  benzyl  alcohol  which, 
although  much  more  soluble  than  either  of  the  above  acids,  has  shown 
interference  even  in  small  concentrations. 

4.  Nitrobenzol  and  dinitrobenzol  have  shown  rather  indifferent 
effect. 

5.  Phenylhydrazine  gave  an  almost  instantaneous  solidification  in 
whatever  concentration  \ised.  The  effect  of  pyridine  was  somewhat 
less  marked,  requiring  higher  concentrations  and  more  time  for  sohdi- 
fication;  while  the  quinoline  precipitate  remained  fluid  in  high  concen- 
trations. In  the  case  of  these  three  substances,  the  difference  in  action 
can  hardly  be  explained  by  differences  in  solubiUties  since  pyridine  is 
very  soluble,  quinoline  somewhat  less,  while  phenylhydrazine  is  least 
ofaU. 

Antipyrine  and  caffeine  have  both  definitely  retarded  coagulation, 
although  neither  produced  any  visible  chai^  in  plasma.  Tyramine 
was  practically  without  any  effect. 
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Group  III.    AJkidoids 

1 .  Quinine  alkaloid,  pure.  On  mixing,  all  of  the  quinine  came  to  the 
top.  Clots  were  all  normal  in  conBiatency,  nor  was  there  any  difference 
in  coagulation  time  as  compared  with  control. 

2.  Quinine  biaulpkate.  On  the  addition  of  the  salt,  there  was  an 
almost  instantaneous  precipitation  and  solidification.  The  2  per  cent 
precipitate  soon  settled  to  the  bottom,  leaving  a  fluid  above;  the  4  per 
cent  formed  a  solid  precipitate  throughout. 

3.  Strychnine  alkaloid,  pure.  On  mixing,  the  tubes  became  cloudy; 
later  there  was  a  settlement  at  the  bottom  in  proportion  to  concentra- 
tion.   In  time  and  consistency  the  clots  were  practically  normal. 

4.  Alropin  alkaloid,  pure.  The  0.2  per  cent  formed  a  solid  scum 
which  on  inverting  would  prevent  flowing  out,  though  the  rest  of  the 
tube  remtuned  fluid  for  a  considerable  time.  Noted  to  be  completely 
sohd  after  a  week.  Clot  normal,  somewhat  softer.  The  0,4  per  cent 
showed  considerable  retardation. 

5.  NicoHne.  The  2.4  per  cent  was  still  fluid  after  17  hours  and  but 
partly  sohdifled  in  a  week.  The  rest  of  the  tubes  showed  marked  re- 
tardation in  coagulation,  which  was  inversely  proportional  to  concen- 
tration. The  clots  were  very  soft,  mushy,  with  no  body,  and  but  little 
fluid  could  be  expressed.    No  precipitate  was  visible. 

Of  the  alkaloids  used  quinine  and  strychnine  showed  themselves  to 
be  without  any  effect  on  coagulation  of  plasma;  atropin  showed  sonne 
retardation  while  nicotine  gave  most  definite  and  marked  retardation. 
Here  the  difference  in  action  lies  perhaps  both  in  the  different  solubilities 
and  alkalinitics  since  quinine  and  strychnine  show  least  of  these  proper- 
ties; atropine  somewhat  more  and  nicotine  most  of  all. 

Quinine  bisulphate  must,  of  course,  be  interpreted  in  terms  of  its 
acid  content  which  interfere  with  coagulation  by  precipitation. 

Group  IV.  Inorganic  substances 

1.  Amrmmia.  On  the  addition  of  ammonia,  all  tubes  showed  a  hazy 
cloudiness,  which  within  an  hour  settled  to  the  bottom  as  a  very  Hght 
precipitate,*  the  amount  of  the  latter  was  in  direct  proportion  to  con- 
centration.   The  supernatant  liquid  remained  permanently  fiuid. 

'  Tbii  pTMsipitaU  was  tested  and  was  shown  to  have  the  following  properties: 
It  was  insoluble  ia  water  and  alkalies  and  in  80  per  cent  alcohol;  soluble  in  acida 
and  may  be  reprecipitated  by  alkalies;  not  coagulated  by  heat  in  acid  solutions. 
Hence  the  substance  is  very  likely  a  metaprotein  compound  o 
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^.  Sodium  carbonate.  All  tubes  gave  a  whitish  precipitate.  After 
4  hours  all  were  still  fluid  and  somewhat  gelatinous  in  appearance.  The 
0.1  per  cent  was  found  to  have  become  solid  in  18  hours;  the  0.25  per 
cent  and  0.33  per  cent  in  5  days,  the  rest  remaining  fluid. 

5.  Hydrochloric  add.  On  the  addition  of  the  acid  all  tubes  became 
immediately  cloudy  with  the  formation  of  a  precipitate,  the  amount 
of  the  latter  being  in  proportion  to  concentration.  The  2  per  cent  and 
2.3  per  cent  were  practically  all  precipitate.  After  18  hours  the  0.2 
per  cent  and  0.4  per  cent  were  still  fluid ;  the  rest  of  the  tubes  apparently 
solid,  but  the  solidity  easily  disturbed  by  moderate  shaking. 

4.  Sulphuric  add.  On  the  addition  of  the  acid  all  tubes  became 
cloudy,  some  separatii^  later  a  white  precipitate.  The  0.2  per  cent 
and  0.3  per  cent  were  found  solid  after  3  days  and  after  45  minutes 
respectively;  the  rest,  0.4  per  cent  to  1.25  per  cent  formed  thick  viscous 
fluids  which  later  solidified,  the  soUd  being  very  soft  and  resembling 
more  a  precipitate. 

5.  Phosphoric  add.  All  tubes  were  still  fluid  after  15  hours;  no  pre- 
cipitate visible.  They  became  solid  after  10  days,  the  clot  being  soft, 
with  no  fluid  expressible. 

In  this  group,  ammonia  and  HCl  have  shown  marked  interference 
even  in  small  concentrations;  NatCOi  and  HtSOt  showed  both  retarda- 
tion and  interference,  while  HsPOi  showed  the  least  effect,  producing 
retardation  even  in  high  concentrations. 

If  we  now  sum  up  the  effect  of  various  chemicals  on  coagulation  of 
citrated  plasma,  we  may  offer  provisionally  the  following  grouping. 

7.  No  effect.  1.  Some  substances  such  as  alkaloids,  dinitrobenzol, 
tyraminc  hydrochloride,  etc.,  have  no  effect  on  coagulation  in  what- 
ever concentrations  used.  They  do  not  produce  any  visible  change  in 
the  plasma,  although  some  may  produce  such  change  (nitroI>enzol). 

2.  Some  substances  may  have  no  effect  in  certain  concentrations, 
while  producing  a  definite  effect  in  other  concentrations  (retardation, 
etc.)  as  glycerine,  alcohol,  etc. 

II.  RetardtUion.  The  effect  of  retardation  may  show  itself  either  in 
prolongation  of  coagulation  time  or  incompleteness  of  the  process. 

1.  Prolongation  of  coagulation  time  varies  considerably  with  each 
substance  and  concentration.  In  most  instances,  the  degree  of  re- 
tardation was  directly  proportional  to  concentration  used.  In  some 
cases,  however,  notably  with  antipyrine  and  nicotine,  this  was  inversely 
proportional  to  concentration;  the  proportional  decrease  of  retarda- 
tion with  increased  concentration  may  be  so  progressive  that  the  coagu- 
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latioD  time  will  finally  fall  below  that  of  the  control  and  thuB  assume 
the  form  of  hastening.  In  yet  another  case  (formic  acid)  retardation 
started  in  lower  concentrations  in  direct  proportion  to  concentration, 
ending  with  apparent  hastening  in  higher  concentration. 

Although  some  substances  do  not  show  any  other  effect  but  that  of 
retardation  (formaldehyde,  etc.),  other  substances  will  retard  in  some 
concentration  while  producing  a  different  effect  in  other  concentration 
(glycerine,  resorcin,  NajCOs,  etc.),  most  frequently  incompleteness  or 
interference  with  coagulation. 

2.  Incomplete  coagulation.  This  is  not  as  frequent  as  the  preced- 
ing but  there  are  several  chemicals  which  sometimes  effect  only  partial 
coagulation.  As  a  rule  it  is  accompanied  by  other  effects  such  as 
retardation  (ether,  chloroform,  urea,  etc.)  or  precipitation  (phenol), 
and  a  visible  change.  From  the  fact  that  some  cases  of  incomplete 
coagulation  finally  coagulate  after  a  lapse  of  considerable  time,  we  may 
regard  incomplete  coagulation  as  the  next  step  of  a  markedly  retarded 
coagulation. 

///.  ItUerferetice.  Interference  with  coagulation  may  manifest 
itself  in  several  ways. 

1.  Precipitation.  This  is  the  most  common  occurrence,  the  amount 
of  precipitation  varying  widely  with  different  substances  and  concen- 
trations used.  Thus  the  members  of  the  saturated  fatty  acid  series, 
as  well  as  phenylhydrazine,  pyridine,  HCI,  NajCOi,  NH,,  benzoic  acid, 
etc.,  will  interfere  with  coagulation  even  in  very  small  concentrations; 
other  substances  (resorcin,  etc.)  may  require  somewhat  higher  concen- 
trations, while  still  others  (acetone,  urea,  etc.)  require  relatively  high 
concentrations  to  produce  the  same  effect. 

2.  Emulsification.  This  is  of  somewhat  less  frequent  occurrence 
than  the  preceding  and  is  noted  in  such  substances  as  oleic  acid,  benzol, 
aniline;  others  (benzaldehyde,  acetone,  etc.)  show  a  mixed  effect. 
Both  precipitation  and  emulsification  are  frequently  accompanied  by 
retardation  or  incomplete  coagulation. 

3.  Inhibition.  Such  substances  as  nicotine,  antipyrine,  caffeine, 
etc.,  occasionally  show  apparent  inhibitory  effects,  i.e.,  no  coagulation 
takes  place  and  no  change  in  the  plasma  is  visible.  It  usually  accom- 
panies retardation  and  as  a  factor  it  probably  stands  between  retarda- 
tion and  interference.  To  this  group  probably  belong  also  chloroform 
and  ether. 

IV.  Acceleration.  We  have  not  encountered  a  single  case  of  genuine 
hastening  of  coagulation.    Some  substances  do  hasten  the  process 
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more  than  the  controls  (phenylhydrazine,  pyridine,  etc.)  but  the  char- 
acter of  the  solid  formed  resembles  more  a  precipitate  than  a  clot, 
although  no  distinct  precipitate  b  visible.  It  is  possible  that,  as  in 
case  of  interference,  there  b  more  than  one  mechanism  by  which  coagu- 
lation is  brought  about. 

It  should  be  said  here  that  some  substances  belong  properly  to  this 
group  although  not  causing  any  visible  change  (formic  acid,  formalde- 
hyde, etc.)-    There  are  good  reasons  to  believe  that  although  no  change  - 
is  visible,  their  apparent  retardation  is  really  an  interference. 

It  seems  thus  quite  clear  from  the  above  considerations  that  a  close 
relation  exists  between  the  various  factors  discussed.  Thus,  sub- 
stances having  no  effect  on  coagulation  of  plasma  in  certain  concen- 
trations will,  in  other  concentrations,  retard  the  process;  while  sub- 
stances retarding  in  some  concentrations  will,  in  higher  concentrations, 
interfere  or  inhibit.  These  phases  are  apparently  intimately  related, 
one  often  passing  insensibly  into  the  other,  forming  a  pn^ressive 
chain  of  events  (no  effect — retardation — incomplete  coagulation — 
inhibition — interference)  and  alt  probably  operating  on  the  basis  of 
some  common  property. 

What  then  are  the  conditions  that  will  determine  the  particular 
effect  of  a  substance  upon  coagulation  of  plasma? 

The  substances  having  no  appreciable  effect  on  coagulation  may 
act  in  a  particular  manner  because  of  one  or  more  of  the  following 
reasons. 

1.  They  are  not  soluble  in  plasma  (alkaloids,  dinitrobenzol). 

2.  They  may  be  soluble  in  water,  but  the  mediiun  is-  not  favorable 
for  their  action  (formin  requires  an  acid  medium). 

3.  Their  effect  is  neutralized  by  an  opposite  property  (tyramine 
HCl-acid-alkaline-neutral.) 

4.  The  changes  produced  do  not  sufEciently  alter  the  plasma  so  as 
to  interfere  with  coagulation. 

As  we  pass  to  the  next  phase,  that  of  retardation,  it  would  seem  that 
the  retardii^  substance  induces  certain  definite  changes  in  the  plasma 
and  these  may  be  due  to  any  one  or  more  of  the  following  conditions: 

1.  The  substances  are  not  soluble  in  plasma. 

2.  They  do  not  react  chemically  with  plasma  nor  form  easily  a  phys- 
ical mixture  (chloroform,  ether). 

3.  They  act  by  dehydration,  absorbing  water  from  plasma  (glycerinej. 

4.  Their  acid  or  alkaline  reaction  (caffeine,  ant^)yrine,  nicotine, 
urea,  NajCOi). 
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5.  Their  effects  neutralized  by  an  opposite  property,  cholin  HCl. 

6.  May  be  atrong  reducing  agent  (formaldehyde). 

The  same  mechanism  is  probably  at  work  in  case  of  interference, 
only  the  changes  are  so  pronounced  as  to  interfere  entirely  with  the 
process  of  coagulation: 

1.  Many  6f  the  substances  are  quite  soluble  and,  uniting  with  some 
substances  of  the  plasma,  cause  precipitation  (phenol,  resorcin). 

2.  Their  reaction  is  markedly  acid  or  alkaline  (the  fatty  acids, 
HCI,  benzoic  acid,  pyridine,  anunonia,  NajCOi,  etc.)-  Here  evidently 
solubility  in  water  as  such  does  not  play  an  important  rdle,  for  the 
effect  is  the  same  whether  the  substances  are  very  soluble  in  water — 
as  pyridine,  HCl,  etc. — or  increasingly  less  soluble — as  the  fatty  acids. 

3.  They  may  be  insoluble  in  water  hut  form  an  emulsion,  thus 
depriving  the  plasma  of  water  (oleic  acid,  benzol,  etc.). 

4.  They  may  have  a  marked  solvent  or  precipitant  action  on  some 
plaama  constituent  (alcohol,  acetone). 

5.  Beii^  neither  soluble  in  plasma  nor  active  chemically,  their  mere 
presence  inhibits  coagulation  by  preventing  the  aggregation  of  fibrin 
threads  and  crystals  into  gel  formation  (chloroform,  ether). 

That  the  precipitate  is  most  likely  a  new  chemical  compound  is 
readily  seen  from  a  qualitative  analysis  of  one  of  the  precipitates 
(ammonia  q.v.);  a  further  analysis  of  each  individual  precipitate  formed 
woidd  probably  show  that  the  precipitate  formed  in  each  case  is  dif- 
ferent. Protein  behaves  in  an  acid  solution  like  a  cation,  and  anions 
render  it  insoluble;  in  an  alkaline  medium,  it  behaves  Uke  an  anion, 
migrating  to  the  anode,  and  cations  render  it  insoluble.  Although  in 
general  the  rate  of  precipitation  is  proportional,  ceieria  paribus,  to  the 
molecular  conductivity  of  the  added  salt,  it  would  seem  that  while  it 
is  true  for  the  inorganic  acids,  it  is  not  exactly  true  for  the  fatty 
acids,  for  their  ionization  decreases  as  we  go  up  the  scale  while  the 
precipitation  increases  at  the  same  time  (2). 

The  process  of  emulsification  is  a  much  simpler  one  and  the  disturb- 
ance is  more  of  a  physical  than  of  a  chemical  nature. 

As  it  has  been  observed  in  numerous  instances  that  the  reaction 
between  the  substance  used  and  the  plasma  is  a  quantitative  one, 
the  degree  of  reaction  will  obviously  depend  partly  on  the  properties 
of  the  substance,  and  on  the  condition  of  the  plasma.  It  is  quite 
evident  that  the  more  soluble  a  substance  is,  the  less  likely  it  is,  ceteru 
paribus,  to  interfere  with  copulation.  Thus,  the  precipitating  action 
of  the  fatty  acids  rises  ^  we  ascend  the  scale,  while  their  solubility 
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decreases  at  the  same  time.  Phenol  in  solution  interferes  with  coagu- 
lation much  less  than  when  used  in  crystal  form,  while  resorcin  inter- 
feres less  than  phenol.  Quinine  and  strychnine  are  insoluble  and  have 
no  effect.  Finally,  it  may  be  said  that  in  general  the  substances  belong- 
ing to  the  second  group  are  considerably  more  soluble  than  those  of 
the  third.  This,  perhaps,  will  eicpUin  why  a  substance  will  interfere 
in  higher  concentrations  while  only  retarding  in  lower  concentrations, 
once  smaller  quantities  are  more  easily  dissolved.  On  the  other  hand, 
that  water  per  se  is  not  the  determining  factor  is  quite  evident  from  the 
consideration  that  some  substances  interfere  markedly  with  coagula- 
tion, although  they  are  very  soluble  (pbenylhydrazine,  urea,  pyridine, 
etc.). 

It  has  long  been  observed  that  the  reaction  of  the  blood  has  a  con- 
siderable effect  on  its  coagulability.  An  increased  acidity  leads  to  an 
increased  aggregation  and  finslly  precipitation  of  colloidal  particles  of 
fibrin,  and  similarly  increased  alkalinity  may  in  smaller  concentration 
(^aoge  the  form  of  the  clot  from  a  crystalline  foim  to  a  structureless 
mass,  and  in  higher  concentrations  cause  atotal  failure  of  clotting  (3). 

The  present  walA  abundantly  verifies  these  observations.  '  Sub- 
stances having  a  distinctly  acid  or  alkaline  reaction  have,  in  all  cases, 
faUed  to  cause  normal  clotting,  even  when  used  in  smaller  concen- 
tFations.  If  the  fdkaloids  are  cited  as  exoepfions,  it  should  be  remem- 
bered that  those  that  had  no  effect  on  clotting  aiP  totally  insoluble 
(quinine  and  strychnine)  while  the  more  soluble  ones  had  a  distinct 
effect  (atropine  and  nicotine).  It  is  possible  that  the  maimer  in  which 
acids  or  alkalies  interfere  with  coagulation  is  in  a  way  comparaUe  to 
coagulation  of  protein  by  heat,  since  coagulation  of  blood  is  due  to  the 
formatitHi  of  an  insoluble  fibrin  compound.  According  to  Chick  an^ 
Martin  (4),  in  heat  coagulation  of  protein  there  is  first  a  denaturation 
or  reaction  between  the  prot«in  and  hot  water,  and  second,  agglutina- 
tion or  separation  of  the  altered  protein  in  a  particulate  form,  the 
reaction  velocity  increasing  with  an  increase  in  acidity  or  alkalinity. 
From  the  purely  physical  point  of  view  the  addition  of  acids  or  alkaline 
ought  to  disturb  the  plasma  equilibrium  since  protein  salts  have  a 
greater  attraction  for  water  than  electrically  neutral  protdn  and, 
according  to  Fisher  (5),  the  presence  of  acid  or  alkiUi  greatly  increases 
the  power  of  protein  to  imbibe  water.  Tlie  semi-solid  character  of 
some  of  the  clots  and  the  inability  to  express  water  from  them  is  prob- 
lAtJy  due  to  absorption  of  water  by  fibrinogen  and  henoe  may  be  re- 
garded as  an  incomplete  clot.  ' 
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It  is  also  a  common  obBervation  in  the  lalwratory  that  old  poorly- 
preaerved  kephalin  losos  its  throniboplastic  properties  and  may  even 
retard  coagulatioii ;  and  according  to  McLean  (6)  the  loss  of  thrombo- 
pJastic  power  goes  hand  in  hand  with  the  development  of  acid  reaction. 
According  to  W.  H.  Heard  (7)  certain  concentrations  of  alkaline  earth 
cause  marked  retardations  of  coagulation.  It  is  conceivable  that 
these  variations  may  be  accounted  for  by  variations  in  their  respective 
hydrox>-l  ions. 

Whether  certain  chemical  groupings  have  a  more  intimate  relation 
to  coagulation  of  plasma  than  others,  cannot  be  said  definitely.  The 
introduction  of  either  H  or  OH  ions,  as  stated  above,  definitely  inter- 
feres with  coagulation;  the  introduction  of  the  phenolic  OH  seemingly 
has  a  favorable  effect  on  coagulation;  while  the  presence  of  nitrogen 
group  by  effecting  a  change  in  the  reaction  of  the  substance,  interferes 
with  the  process. 

BTTHUAJIT 

The  effect  of  various  chemicals  on  coagulation  of  citrated  plasma  has 
been  studied  and  it  has  been  shown  that  a  chemical  may  have  one  of 
the  following  effects  on  plasma. 

1.  No  effect, 

2.  Retardation  of  the  process  by: 

a.  Prolongation  of  the  coagulation  time, 

b.  Incomplete  or  partial  coagulation, 

3.  Interference  bj': 

a.  Inl]ibition. 

b.  Precipitation. 
X.  Emulsifi cation. 

4.  Acceleration. 

Reasons  have  been  advanced  to  show  that  an  intimate  relation 
exists  between  the  factors  mentioned  and  by  gradations  one  may  pass 
into  another,  suggesting  that  they  all  probably  work  by  reason  of 
some  common  mechanism. 

The  various  properties  which  may  be  responsible  for  the  particular 
effect  a  substance  will  have  on  coagulation  have  been  considered  and 
it  was  suggested  that  such  effect  may  depend  on  the  solubility  of  the 
substance  in  plasma,  its  alkaline  or  acid  reaction,  on  its  dehydrating 
power,  reducing  power,  etc. 

It  has  also  been  observed  that  in  the  interaction  between  the  chem- 
ical and  the  plasma,  new  chemical  compounds  are  formed,  and  the 
relation  is  probably  a  quantitative  one. 
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Recent  inve&t^tions  in  both  the  experimental  and  in  the  clinical 
fields  indicate  quite  conclusively  that  pituitary  extracts  produce  at 
least  a  temporary  (seven  to  eight  hours)  antidiuretic  effect  when 
administered  subcutaneously.  The  question  arises  as  to  how  this 
antidiuretic  action  is  brought  about.  Is  it  a  direct  or  an  indirect  action 
on  kidney  excretion? 

Motzfeldt  (1)  concludes  from  his  experiments  on  rabbits  that  pitui- 
tary extracts  produce  an  antidiuretic  action  by  stimulating  the  sympa- 
thetic nervous  system  and  bringing  about  a  vasoconstriction  within  the 
kidney. 

Dale  (2)  working  with  perfused  kidneys  of  the  dog  and  the  cat,  found 
that  pituitary  extracts  caused  a  vasoconstriction  of  the  renal  vessels. 
Houghton  and  Merrill  (3)  arrived  at  a  similar  conclusion.  On  the 
other  hand,  King  and  Stoland  (4)  found  a  vasodilatation  of  the  renal 
vessels  and  an  increased  flow  of  urine. 

The  literature  regarding  the  effect  of  pituitary  extracts  on  the  intes- 
tine is  rather  contradictory.  Fodera  and  Pittau  (5)  in  1909  noted  that 
intravenous  injections  caused  defecation.  Increased  peristaltic  waves 
following  intravenous  injections  were  noted  by  Bell  (6)  and  by  Ott  and 
Scott  (7).  Shamoff  (8),  working  on  isolated  loops  of  the  rabbit's 
intestine,  found  that  posterior  lobe  extracts  gave  a  relaxation  of  the 
intestine. 

The  writer  suggested  in  previous  work  (9)  that  the  antidiuretic  action 
of  pituitary  extracts  may  be  due  to  an  interference  with  the  absorption 
of  water  from  the  intestine.  It  was  noted  that  rabbits  quickly  devel- 
oped a  diarrhea  following  subcutaneous  injection  of  pituitary  extracts. 
Cats  showed  a  marked  tendency  to  vomit  following  similar  injections. 
These  observations  suggested   the  advisability  of  invest^ting  the 
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effect  of  pituitary  extracts  on  the  absorption  rate  of  the  intestine  and 
also  OD  the  emptying  time  of  the  stomach. 

In  the  present  work  we  have  attempted  to  find  out  whether  subcu- 
taneous injections  of  pituitary  extracts  cause  any  variation  in  the  rate 
of  water  absorption  from  the  small  bowel. 

UETMODS  AND  RBSOLTS 

Dc^  and  cata  were  used  in  our  experiments.  One  commercial 
pituitary  extract  was  used,  namely,  pituitrin  (Parke,  Davis  &  Company). 

The  injections  of  pituitrin  were  subcutaneous  in  every  case,  and  were 
given  four  to  five  minutes  before  the  beginning  of  the  test  experiments, 
that  is,  at  the  close  of  the  control  period. 

In  the  experiments  recorded  in  tables  1,  2  and  4  the  animals  were 
kept  under  an  anesthetic  (ether)  during  the  entire  experim^t. 

The  small  bowel  was  exposed  with  as  little  trauma  as  possible,  and 
the  lumen  was  washed  with  warm  tap  water.  A  measured  amount  of 
warm  tap  water  was  then  introduced  into  the  canuulated  loop  of  the 
bowel.  At  the  end  of  a  half-hour  period  the  wat«r  remaining  in  the 
bowel  was  removed  and  measured,  and  amount  of  absorption  noted. 
Four  or  five  minutes  before  the  close  of  this  control  period  the  test 
animals  received  a  subcutaneous  injection  of  pituitrin.  The  same 
amount  of  warm  tap  water  was  introduced  into  the  loop  of  bowel  at 
the  beginning  of  the  second  and  at  the  beginning  of  the  third  half-hour 
periods  and  the  amount  of  absorption  noted  in  each  case. 

In  table  1  (first  period)  it  will  be  noted  that  normal  rate  of  absorp- 
tion varies  widely  in  different  animals.  Ihis  is  probably  due  in  part 
to  the  varied  lengths  of  bowd  used. 

Following  the  injections  of  pituitrin  there  was  delayed  absorption  in 
all  but  two  of  the  fourteen  d(^  experimented  upon.  In  one  oS  these 
two  dc^  (no.  10)  the  amount  of  pituitrin  used  was  probably  too  small 
to  be  effective.  In  the  other  case  (no.  8)  the  intestinal  mucosa  was 
found  to  be  greatly  infiamed  and  this  may  account  fof  the  failure  of 
the  pituitrin  to  delay  abBorption. 

With  cats  the  results  were  not  so  uniform  since  only  four  out  of  the 
six  experimented  upon  showed  a  delayed  absorption  after  pituitrin 
injections.  The  intestines  of  cats  are  much  more  susceptible  to  trauma 
than  are  those  of  dogs.    This  may  have  been  a  factor  in  the  varia.tioa. 

The  question  arises  as  to  whether  the  decreased  absorption  noted  in 
the  second  and  third  half-hour  periods  may  not  be  due  to  the  continua- 
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TABLE  1 
Svmmarj/  of  txptrimenta  on  tht  tffacl  of  pituitary  eilraeli  on  the  rate  of  lAeorptiim 
of  wattrfrom  tkt  tmall  inlettint.  The  second  column  of  the  tMe  thawi  the  amount 
of  water  injected  into  Ike  waehfsd  bow^  at  Ike  beninninu  of  tack  SO-tninute  period. 
Doge  teere  tued  except  in  not.  IS  to  tO  in  wkiek  cats  ivere  ueed.  The  pituilrin 
wa»  injected  tiAculaneouelj/  at  the  clott  of  each  control  period 
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tioD  of  the  anesthetic  and  to  the  operative  procedure.  To  determine 
this  point  we  took  the  normal  absorption  rate  on  several  animals  with- 
out pituitrin  injections.  An  inspection  of  table  2  will  show  that  in  the 
absence  of  any  pituitrin  injections  the  absorption  rate  may  be  evei^ 
greater  in  the  second  and  third  half-hour  periods  than  it  is  in  the  first 
half-hour  or  control  period.  In  no  case  was  there  a  marked  decrease 
in  the  second  period,  and  in  only  one  case  (no.  21)  was  there  a  marked 
decrease  in  the  third  period. 

In  order  that  we  might  still  further  rule  out  the  possible  effect  of  the 
anesthetic  we  repeated  the  absorption  experiments  on  four  decere- 
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TABLE  1 


Control  experimmU:  To  thoin  the  normal  rale  of  the  abiorption  of  wat«r  from  the 
gmaU  inUttine  during  the  first,  second  and  third  half-hour  period*  of  ihe  experi- 
metU.  DoQi  taere  used  in  experimente  tt,  tt  and  tS.  Colt  were  used  in  the 
remaining  experimenta 
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Shairing  the  rale  of  tualer  absorption  from  the  small  intestine  before  and  after  the 
injettion  of  piluilrin  in  deeer^aled  dogs.  The  dogs  were  decerebrated  three  houra 
previous  to  the  beginning  of  the  experiments  on  absorption. 
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Effect  of  pituit<B'y  extract  on  the  flow  of  blood  from  the  mesenteric  neit 
piluilrin  teas  injected  subculaneously  in  each  experiment.     Dogs 
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brated  dogs.  The  findiDgs  in  these  experimenta  are  recorded  in  table 
3.  In  operating  on  these  animals  hemorrhsge  was  kept  down  to  a 
minimum  and  sufficient  time  (three  hours)  was  allowed  for  the  animal 
to  recover  from  the  anesthetic  and,  in  so  far  as  possible,  from  the  shock 
of  the  operation.  It  will  be  noted  that  in  every  case  there  was  a  de- 
crease in  the  absorption  rate  during  the  second  and  third  periods,  that 
is,  following  the  injection  of  pituitrin.  This  shows  that  the  anesthetic 
could  not  have  been  responsible  for  the  decreased  absorption  following 
the  pituitrin  injections. 

It  was  thought  that  vasoconstriction  of  the  vessels  of  the  intestinal 
wall  might  be  a  factor  in  reducing  the  absorption  after  pituitrin  injec- 
tions. This  possibility  was  investigated  by  placing  a  cannula  in  one 
of  the  mesenteric  veins,  noting  the  rate  of  blood  flow  by  the  drop 
method.  By  referring  to  table  4  it  will  be  noted  that  there  is  a  reduc- 
tion in  the  number  of  drops  per  minute  after  pituitrin  injection.  The 
reduction  was  not  pronounced  except  in  one  case  (no.  33);  in  fact, 
they  do  not  go  much  beyond  the  limit  of  error  due  to  the  difficulty  of 
preventing  the  blood  from  clotting  in  the  cannula. 

DISCUSSION    AND    CONCLUSIONS 

Our  investigation  leads  us  to  the  conclusion  that  subcutaneous  injec- 
tions of  pituitrin  bring  about  a  delay  in  the  absorption  of  water  from 
the  small  intestine. 

This  delay  does  not  seem  to  be  sufficient,  in  most  cases,  to  entirely 
account  for  the  delay  in  the  excretion  of  water  from  the  kidneys  which 
has  been  found  to  result  from  pituitrin  injections. 

It  is  possible  that  the  subcutaneous  injection  of  pituitrin  may  cause 
some  vasoconstriction  of  the  intestinal  vessels.  This  can  not  be 
pronounced  or  very  extensive  since  it  has  been  repeatedly  shown  and 
was  verified  by  ourselves  in  this  and  previous  work,  that  subcutaneous 
injections  of  pituitary  extracts  do  not  cause  a  variation  in  the  general 
blood  pressure. 

Motzfeldt  (1)  su^ested  that  the  antidiuretic  action  of  pituitary 
extracts  is  due  to  splanchnic  stimulation,  causing  a  vasoconstriction 
within  the  kidneys.  It  is  possible  that  this  mild  splanchnic  stimulation 
also  extends  to  the  vessels  of  the  intestine. 
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INTRODUCTION — PREVIOUS   WORK 

Ever  since  the  discovery  of  the  accelerator  nerves  in  1867  by  v. 
Bezold  and  Sever  (1)  and  the  Cyon  brothers  (2),  a  sporadic  interest 
has  been  manifested  in  the  question  as  to  whether,  in  addition  to 
altering  the  heart  rate,  these  nerves  also  specifically  affect  the  strength 
and  duration  of  ventricular  contraction.  It  does  not  seem  to  have 
been  reahzed,  however,  that  a  careful  study  of  their  effects  on  the 
duration  of  ventricular  systole  is  capable  of  disclosing  whether  the 
normal  ventricular  beat  is  controlled  entirely  in  a  mechanical  way  or 
whether  it  is  also  specifically  controllable  through  nervous  influences. 

The  idea  that  the  mammalian  ventricle  is  controlled  in  a  simple 
mechanical  fashion  received  its  greatest  support  from  the  oncometer 
experiments  of  Henderson  and  his  co-workers  (3).  They  found  that, 
under  normal  conditions  of  venous  pressure,  the  volume  curves  of 
the  ventricles  at  all  heart  rates  are  practically  superimposable  on 
portions  of  a  standard  curve  obtained  during  a  long  vagus  beat.  This 
led  to  the  formulation  of  the  law  of  "uniformity  of  behavior"  accord- 
to  which  the  systolic  volume  discharged  is  entirely  a  function  of  the 
heart  rate.  Later  Henderson  and  Barringer  (4)  presented  work  which 
indicated  that  this  law  also  holds  when  the  heart  rate  is  increased  by 
excitation  of  the  accelerator  nerves. 

Although  emphasis  has  not  been  specifically  laid  on  the  fact  by 
Henderson  and  his  co-workers,  it  is  evidently  a  corollary  of  the  "uni- 
formity of  beha\nor"  law  that  the  duration  of  systole  is  fixedly  related 
to  the  cycle  length  under  all  conditions  which  produce  a  change  in  the 
heart  rate.    A  review  of  other  experimental  work  indicates,  however, 
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that  when  the  accelerator  nerves  are  stimulated,  systole  and  diastole 
vary  quite  independently.  Thus  Baxt  (5)  in  1878  reported  that 
stimulation  of  an  accelerator  nerve  chiefly  reduces  the  phase  of  systole. 
His  technical  procedures  were,  however,  crude  and  entirely  unreliable. 
Contrary  effects  on  the  duration  of  systole  were  reported  from  the 
stimulation  of  the  vagus  nerve  by  Klug  (6)  in  1881,  and  by  Mac- 
Williams  (7)  in  1888.  The  inability  to  decide  questions  of  this  nature, 
by  their  methods,  is  now  obvious.  The  first  experiments,  therefore, 
that  today  would  be  regarded  as  accurate  and  at  all  decisive  were 
made  by  Hdrthle  (8)  in  1891.  This  investigator  recorded  the  arterial 
pulse  tracings  with  his  membrane  manometer  and  used  the  interval 
from  the  primary  rise  to  the  dicrotic  notch  as  an  index  of  the  duration 
of  systole.  He  found  that  the  period  of  systole,  so  determined,  is 
slightly  abbreviated  when  cardiac  acceleration  is  induced  by  stimula- 
tion of  the  accelerator  nerves  or  when  the  v£^  nerves  are  sectioned. 
Accelerator  nerve  stimulation,  after  sectioning  of  the  vagi  nerves,  pro- 
duces a  marked  decrease  in  the  duration  of  sjmtole;  stimulation  of 
the  vagi,  on  the  other  hand,  affects  systole  very  slightly,  but  exerts  its 
chief  influence  on  the  duration  of  diastole.  In  1897  Frank  (9)  not  only 
substantiated  this  work  but  reported,  in  addition,  that  by  simultaneous 
stimulation  of  the  vagi  and  accelerator  nerves  with  suitably  adjusted 
currents,  it  is  possible  to  decrease  the  duration  of  systole  even  when 
the  length  of  the  diastohc  phase  is  unaltered.  In  the  comprehensive 
investigations  of  the  accelerator  and  vagi  nerve  action,  carried  out  by 
Reid  Hunt  (10)  in  1899,  can  be  found,  among  other  data,  the  following 
observations:  Section  of  the  accelerator  nerves  causes  a  prolongation 
of  both  systole  and  diastole,  the  former  being  lengthened  rather  more 
than  the  latter.  Stimulation  of  the  accelerator  nerves  causes  a  short- 
ening of  both  systole  and  diastole.  Stimulation  of  a  vagus  nerve 
chiefly  prolongs  diastole,  affecting  systole  relatively  little.  Under 
certain  conditions,  simultaneous  stimulation  of  vagus  and  accelerator 
nerves  produces  a  shortening  of  systole  while  diastole  remains  unaffected. 
The  conclusion  that  such  results  are  not  in  accord  with  a  mechanical 
regulation  of  the  heart  beat  does  not  necessarily  follow.  Since  the 
rate  of  systolic  ejection  diminishes  toward  the  end  of  systole  the  dura- 
tion of  systole  must  by  the  law  of  "  uniformity  of  behavior"  become 
increasingly  abridged  as  the  cycles  shorten  more  and  more.  Thus,  in 
tbe  volume  curve  reproduced  in  figure  1,  a  reduction  in  cycle  length 
from  0.8  to  0.7  second  entails  a  reduction  in  the  ejection  phase  of 
systole  from  0.215  to  0.21  second;  while  an  equivalent  reduction  in 
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the  cycle  length  from  0.4  to  0.3  mathematically  decreases  the  ejection 
phase  from  0.175  to  0.15  second.  Inasmuch  as  vagus  section  and 
vagus  stimulation  ordinarily  do  not  alter  the  heart  rate  beyond  ranges 
where  slight  variations  might  be  expected,  whereas  accelerator  atimu- 
latioD  quickens  the  beat  so  much  that  a  more  pronounced  shortening 
of  systole  might  be  anticipated,  it  follows  that  the  mere  demamtration 
that  accelerator  stimulation  shortens  the  systole  is  proof  neither  of  any 
specific  influence  of  these  nerves  over  ventricular  contraction,  twt  does  it 
prove  tkrU  the  heart  deviates  from  a  mechanical  scheme.  Only  %f  it  can 
be  shown  that  the  periods  of  systole  during  accelerator  nerve  stimulation 
vary  materiaUy  from  fhose  which  may  be  accounted  for  on  the  baeis  of 
volume  curves,  can  any  inference  be  drawn  as  to  a  selective  action  of  the 
accelercUor  nerves  on  the  ventricle, 

METHODS  OF  INVESTIGATION 

In  order  to  determine  whether  the  lengths  of  systole  and  diastole 
during  accelerator  stimulation  conform  to  or  deviate  from  a  mechanical 
regulation  of  the  normal  heart  beat,  we  first  established  a  plot  of  the 
theoretical  systoles  that  should  obtain  at  different  cycle  lengths  and 
then  compared,  in  the  form  of  a  plot,  the  actual  systoles  at  different 
cycle  lengths  with  these  theoretical  values. 

Experimental  procedures.  In  order  to  accomplish  this  it  was  neces- 
sary to  determine  accurately  the  duration  of  systole  and  diastole  while 
the  circulatory  conditions  were  as  nearly  normal  as  possible.  It  was 
ei^>ecially  important,  for  example,  to  avoid  opening  the  chest  and  the 
institution  of  artificial  respiration — events  which  in  themselves  alter 
venous  pressure  relations  considerably. 

We  therefore  determined  the  systole  and  cycle  lengths  by  optically 
recording  the  heart  sounds  by  means  of  the  direct  sound  recording 
capsules  of  Winers  and  Dean  (11).  The  main  vibrations  of  the  first 
sound  correspond  to  the  first  rise  of  intraventricular  pressure  while  the 
first  vibration  of  the  second  sound  is  synchronous  with  the  incisura  of 
the  aortic  pressure  curve,  events  which  mark  the  onset  of  systole  and 
diastole  respectively  (12). 

D(^  anesthetized  with  morphine  and  chloretooe  were  used  as 
experimental  animals.  The  vagi  and  accelerator  nerves  together  with 
the  stellate  ganglion  were  first  prepared  for  section  and  stimulation, 
the  latter  being  dissected  without  opening  the  thorax.  The  thorax 
was  then  shaved  and  a  sound  receiver  adjusted  over  the  apex  region 
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by  an  elastic  baud  eDcircUng  the  thorax.  This  receiver  was  connected 
with  the  sound  recording  capsules  by  a  tube  having  an  adjustable 
lateral  opening.  The  vibrations  of  a  50  v.  d.  tuning  fork  were  simul- 
taneously recorded.  In  order  to  gauge  the  appropriate  time  for  taking 
sound  tracings  on  bromide  paper,  a  carotid-pressure  curve  was  con- 
tinuously traced  on  a  long  paper  kymograph. 

From  the  optical  records,  the  lengths  of  consecutive  cycles  and  cor- 
respondii^  systoles  were  subsequently  determined.  This  was  done  in 
about  3000  cycles  recorded  during  many  experiments  on  ten  different 
d<^. 


Fig.  1.  (i  original  Biie.)  Diagram  conatructed  tor  experiment  C  207,  deter- 
mining the  relation  of  systole  and  cycle  length  at  various  heart  rates— also  the 
method  of  adaptiog  voliune  curves  to  vagal  beats  with  different  periods  of  systole. 
Shows  arcs  used  when  ejection  phases  ^B,  AB'  and  AB*  B,Te  equal  to  0.25, 0.20  and 
O.IS  second  respectively.  B-l',  B-t',  BS',  etc.,  indicate  duration  of  cycle,  t-1' 
t-l',  SS',  etc.,  the  period  of  systole.  Abscissa  =  0.1  second.  Detailed  description 
in  text. 

Methods  of  conatmcting  a  curve  expressing  the  VieoretuxU  dia-aUon  of 
systoles  at  different  cycle  lengths.  In  order  to  obtain  a  curve  of  the 
theoretical  systoles  at  all  heart  cycles  according  to  Henderson's  mechan- 
ical conception  of  cardiac  control,  it  was  first  necessary  to  plot  a  theo- 
retical volume  curve  for  each  animal.  This  construction,  however, 
is  beset  with  a  number  of  di£Bculties  which,  we  believe,  are  not  insur- 
mountable. We  started  out  according  to  a  very  simple  plan :  On  large 
sized  coordinate  paper,  a  volume  curve  similar  to  that  plotted  as  a 
standard  by  Henderson  (13)  was  laid  o0.  A  reduced  reproduction 
mlh  eoOrdinaUa  omitted,  is  shown  in  figure  1  (A,  B,  C).  At  varying 
points,  e.g.,  at  S,  S,  4i  S,  etc.,  arcs  of  the  standard  ejection  curve  A  B 
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were  drawn.  The  abscissal  distances  B-1',  B-$',  etc.,  then  denote 
the  duration  of  the  cycle  and  the  abscissal  distances  1-1',  S-S',  etc., 
measure  the  corresponding  systole  lengths.  These  int«rvals  can 
obviously  be  readily  and  accurately  determined  on  large  coordinate 
paper  for  a  consecutive  range  of  cycles.  In  figure  1,  one  such  cycle 
BS'  and  it«  corresponding  systole  S-5'  is  indicated  by  dotted  lines. 
So  far  the  process  is  not  dissimilar  to  that  employed  by  Henderson 
except  that  the  relation  of  systole  to  each  cycle  length  was  determined 

systole 
in  cycle  lengths  differing  by  0.1  second.     This  1 —  ratio  will  here- 
after be  referred  to  briefly  as  the  s/c  ratio. 

The  data  so  obtained  were  plotted  by  dots  on  coordinate  paper,  as 
shown  in  figure  4,  the  ordinates  representing  the  duration  of  systole, 
the  abscissae,  the  cycle  lengths.  By  connecting  these  data  by  lines  a 
curve  s/c  is  obtained  from  which  the  theoretical  s/c  ratio  at  any  heart 
rate  can  be  derived. 

It  soon  became  obvious,  however,  that  such  a  theoretical  curve  of 
s/c  ratios  could  not  be  applied  to  different  animals,  inasmuch  as  cer- 
tain variable  factors  were  not  taken  account  of.  In  the  first  place  we 
found  that  the  duration  of  long  vt^al  systoles  varied  from  0.22  to  0.32 
second  in  different  animals  with  corresponding  variations  at  more 
rapid  rates.  It  therefore  became  necessary  to  construct  for  each  ani- 
mal a  separate  hypothetical  volume  curve  based  on  its  vagal  systole 
and  from  it  to  derive  a  curve  of  s/c  ratios  applicable  to  that  animal. 

This  we  did  after  the  following  manner:  The  duration  of  systole  was 
first  determined  during  a  long  vf^us  beat  occurring  after  slowing  had 
been  established  for  some  time.  Inasmuch  as  only  the  interval  of 
systolic  ejection  and  not  the  total  period  of  systole  is  concerned  in  the 
construction  of  the  volume  curve,  an  interval  of  0.05  second  was  de- 
ducted from  the  vagal  systole  for  the  isometric  period.' 

The  resulting  interval  of  systolic  ejection  was  then  laid  off  on  the 
abscissae  of  large-sized  coordinate  paper  and  an  arc  having  the  same 
contour  as  that  given  in  Henderson's  standard  curve  was  drawn  to  fill* 
this  time.     Thus,  in  figure  1,  the  arcs  AB,  AB^  and  AB^  have  the  same 

*  This  we  believe  to  be  allowable  for,  according  to  the  investigations  of  HUrthte 
(8),  de  Heer  (14),  GftTteo  (15)  and  Frank  (16),  this  is  an  average  period  which  is 
not  afFecl«d  in  length  by  such  changes  io  the  circulation  as  occurred  during  the 
course  of  our  experimentation.  Even  if  this  period  does  vary  slightly  in  differ- 
ent dogs,  no  significant  error  can  be  introdued  since  the  same  figure  was  again 
added  before  the  plot  of  s/c  ratios  was  made. 
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conformation  but  correBpond  to  ejection  periods  of  0.25,  0.20  and  0.15 
second,  respectively.  In  this  particular  instance,  the  arc  AB,  with  a 
duration  of  0.25  second  was  subsequently  used  as  a  ptattem  for  the 
smaller  segments  1-1',  2~i',  SS',  etc.  It  is  obvious  that  if  the  systolic 
ejection  time  were  either  0.15  or  0.20  second,  the  arcs  AB'  or  AB* 
must  be  used  as  a  pattern  for  the  smaller  Begmeots. 

The  further  criticism  may  be  anticipated  that  belief  in  a  "imiform- 
ity  of  behavior"  law  does  not  necessitate  the  assumption  that  hearts 
of  different  animals  with  the  same  systole  lengths  necessarily  have  the 
same  contour  of  ejection  curve.  According  to  Henderson's  (4)  results, 
however,  volume  curves  taken  under  normal  conditions  show  that  the 


Fig.  2.  (1  orieinal  site.)  Diagram  conetnicted  for  experiment  C  210,  showing 
volume  ourre  with  ejection  phase  of  0.2IS  second  and  three  possible  diastolic 
filling  curves  C,  C  and  C.  The  effect  of  diastolic  filling  rate  on  the  length  of 
systole  ia  indicated  by  the  Q'stolea  i-i'.  Abscissa  -  0.1  second.  Detailed  de- 
scription in  text. 

curve  of  systohc  discharge  is  a  straight  line  at  all  points  except  at  the 
extreme  lower  end.  A  variation  which  could  occur  only  at  this  place 
would  therefore  affect  the  duration  of  only  the  very  shortest  cycles, 
e,g.,  1-1'  in  figure  i.  Since  cycles  of  such  short  duration  were  never 
^obtainable  in  any  of  our  experiments,  however,  it  is  clear  that  this 
criticism  is  of  no  practical  importance. 

A  second  prcuiical  difficulty  arose,  however,  in  the  correct  projection 
of  the  diastolic  filling  curve.  Even  though  all  possible  precautions 
were  taken  to  maintain  an  effective  venous  pressure  sufficient,  accord- 
ing to  Henderson  and  Barringer  (4),  to  insure  maximal  fiUii^,  it  would 
not  be  in  disagreement  with  the  idea  of  superimposable  beats  to  sup- 
pose that  the  filling  curves  of  different  animals  are  dissimilar.    Indeed 
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it  is  quite  conceivable  that  the  heart  within  the  intact  thorax  has  a 
filling  curve  quite  different  from  any  capable  of  registration  by  on- 
cometric  methods.  Such  differences  in  filling,  however,  will  affect 
considerably  the  relation  of  systole  to  cycle  length  at  different  heart 
rates.  This  is  illustrated  in  figure  2  where  one  may  suppose  the  heart 
to  be  filled  according  to  any  of  three  curves  C,  C  or  C.  Reference  to 
the  dotted  linea  bracketed  as  4  in  figure  2  or  to  the  three  corresponding 
plotted  curves  of  s/c  ratios  in  figure  3,  indicates  that  the  theoretical 
curves  de[>end  fundamentally  on  the  unknown  character  of  the  filling 
curve. 

Confronted  with  the  necessity  of  having  some  gauge  as  to  the  type 
of  filling  occurring  in  each  animal's  heart,  we  selected  that  line  of  s/c 
ratios  which  most  nearly  coincided  with  the  long  vagal  beats  and  the 
normal  beats  of  the  animal. 


Fig.  3.  Three  curves  ahowing  relation  of  systole  to  cycle  length  at  different 
heart  rates  when  the  rate  of  diastolic  filling  differs.  Constructed  from  data  of 
tabic  1  and  volume  curves  of  figure  2.  C,  C  and  C  are  corresponding  curves. 
Abscissae  represent  cycle  length;  ordiaates,  systole  lengths,  in  seconds.  Circles, 
normal  s/c  ratios;  crosses,  s/c  ratios  of  vagal  beats.    Detailed  description  in  text. 

The  entire  method  of  deriving  our  theoretical  curve  of  s/c  ratios, 
thus  outlined  in  principle,  may  be  further  clarified  by  following  the 
consecutive  steps  in  a  typical  experiment: 

In  experiment  C  210,  stimulation  of  the  right  vagus  caused  a  slowing 
of  the  ventricles  from  which  a  cycle  having  a  period  of  1.55  second 
and  a  systolic  period  of  0.265  second  was  selected.  Deducting  0.05 
second  for  the  probable  isometric  interval,  leaves  an  ejection  phase  of 
0.215  second.  This  distance  is  laid  off  on  coordinate  paper  and  an 
arc  AB  drawn.  A  reduced  figure  with  coordinates  omitted  for  reasons 
pertaining  to  reproduction  is  shown  in  figure  2.  In  this  case,  three 
possible  filling  curves,  C,  C  and  C  are  drawn.  By  inscribing  arcs  of 
the  ejection  curve  A  B,-at  intervals  of  0.1  second  from  points  1,  S,  S,  4 
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and  so  forth,  and  measuring  the  horizontal  distances  between  1-1', 
2S',  SS',  for  each  type  of  filling  curve  (illustrated  by  dotted  lines 
bracketed  as  ^)  three  possible  durations  of  the  ejection  phase  for  each 
cycle  length  are  obtained.  Now  adding  again  0.05  second  previously 
deducted  gives  the  theoretical  systoles  for  each  cycle  under  three  con- 
ditions of  ventricular  filling.    This  is  shown  in  the  following  table: 


DUIATION  OrTHEOHmC 

DlBATl 

0^  or  TOTAL  B 

TVrOLB 

DDKiltON  or 

ra 

AMINftODIEt 

ACCO 

■DlKOTOriO 

BE  3 

CurreC 

CurvtC 

CumC 

Curve  C 

CuttbC 

CuneO 

0.2 

9.0 

9.0 

8,5 

14.0 

14.0 

13.6 

0.3 

13.5 

12.5 

10.75 

18.5 

17.5 

15.76 

0.4 

16.76 

14.5 

12,0 

20.75 

19.5 

17.0 

0.5 

17.25 

16.5 

13,76 

22.25 

21.5 

18.75 

0,6 

18.0 

17.5 

16.0 

23.0 

22.5 

20.0 

0-7 

19.0 

18.5 

16.0 

24,0 

23.6 

21.0 

0.8 

IB. 5 

Id.O 

17,0 

24,6 

24.0 

22.0 

O.B 

20.0 

19.5 

18.0 

25,0 

24,6 

23.0 

1.0 

20.5 

20.0 

19,0 

25.5 

25.0 

24.0 

1.1 

21.0 

20.5 

20,0 

28.0 

25.5 

25,0 

1.2 

21.5 

21.0 

20,7 

26.5 

26.0 

26.7 

1.3 

21,5 

21.5 

21.25 

26.5 

26.6 

26.25 

1.4 

21.6 

21.5 

21.5 

28.5 

26.5 

26.6 

1.5 

21.5 

21.5 

21.5 

26.5 

26,5 

26.5 

Plotting  these  theoretical  systoles  in  relation  to  the  cycle,  as  in 
figure  3,  the  three  curves  C,  C  and  C*  are  obtained.  If  now  we  plot 
as  small  circles  the  actual  s/c  ratios  found  during  the  natural  heart 
cycles  of  the  animal,  it  will  be  seen  that  they  follow  the  line  C  most 
exactly.  This  line  is  therefore  adopted  as  the  theoretical  line  of  s/c 
ratios  for  other  comparisons.  In  a  similar  way,  a  line  of  s/c  ratios 
was  derived  for  all  experiments  and  in  the  rest  of  the  plots  the  line 
selected  is  alone  reproduced. 

It  is  of  interest  to  add  that,  according  to  these  analyses,  we  found 
that  the  hearts  of  our  animals  followed  a  type  of  filling  not  dissimilar 
to  that  described  by  Henderson  as  typical  for  the  normal  heart.  In 
this  instance  we  believe,  for  example,  that  the  volume  curve  of  the 
ventricle  corresponds  to  the  line  C  in  figure  2. 
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EXPEBIMENTAL    RESIHiTS 

Compariaon  of  the  actual  s/c  ratios  during  accelerator  nerve  stimulalion 
vnth  the  theoretical  values  at  corresponding  heart  rates.  After  the  theo- 
retical curve  of  s/c  ratios  had  been  thus  determined  for  each  animal, 
we  plotted  the  actual  s/c  ratios  obtained  under  different  experimental 
conditions  in  relation  to  it,  especial  attention,  of  course,  being  directed 
to  the  influence  of  the  accelerator  nerves.  As  the  results,  require  de- 
tailed presentation,  an  analysis  of  three  experiments,  typical  of  all 
cases,  is  appended. 

Experiment  C  £07  CA?-  4)-  The  theoretical  s/c  ratio  curve  selected 
as  applyii^  to  this  animal's  heart  is  shown  as  a  solid  line  (s/c)  connect- 
ting  dots  at  0.1  second  intervals.    The  small  circles  close  to  the  line 


Fig.  4.  Plot  from  experiinent  C  207,  showing  relation  of  aetu&l  e/c  ratios  to 
the  theoretical  curve.  Abscissae,  cycle  lengths;  ordinates,  systole  lengths,  in 
seconds.    Detailed  description  in  text. 

show  normal  s/c  relations.  The  right  stellate  ganglion  was  stimulated 
first,  but  we  shall  defer  the  discussion  of  this  effect.  Then  both  vagi 
nerves  were  sectioned.  The  s/c  ratios  of  13  measured  cycles  are  indi- 
cated by  crosses  of  group  I.  It  is  evident  that  when  v^us  control  is 
suddenly  removed  and  the  accelerator  control  alone  remains,  the  s/c 
ratio  is  below  that  of  the  theoretical  line.  Within  a  few  minutes, 
however,  the  duration  of  systole  increases  ^ain,  as  shown  by  the 
crosses  of  group  //,  which  represent  measurements  of  13  cycles  ten 
minutes  after  vagotomy.  The  left  vagus  nerve  was  then  stimulated 
but,  with  the  exception  of  a  few  beats,  the  cycles  were  so  long  that  they 
were  omitted  from  this  plot  for  reasons  of  reproduction.  It  may  be 
noted,  however,  that  the  systoles  following  immediately  after  stimula- 
tion began  were  sightly  below  the  theoretical  line,  while  those  occur- 
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ring  later  coincided  with  it.  Immediately  following  this  stimulation, 
12  measured  cycles  showed  s/c  ratios  represented  by  the  crosses  of 
group  III.  The  obvious  after-effect  seems  to  be  a  sUght  increase  in 
the  heart  rate  during  which  the  systole  lengths  are  somewhat  longer 
than  the  theoretical  curve  calls  for.  Such  results  indicate  that  perhaps 
vagus  stimulation  is  not  entirely  without  an  influence  on  ventricular 
systole,— whether  direct  or  indirect  we  are  not  able  to  say.  A  detailed 
-  discussion  of  this  question  is,  however,  not  within  the  province  of  the 
present  communication. 

We  may  now  return  to  the  effects  of  accelerator  nerve  stimulation. 
The  dots  of  group  IV  represent  the  s/c  ratios  of  17  measured  cycles 
recorded  during  accelerator  stimulation  while  the  vagus  nerves  were 


Fig.  5.  Plot  of  data  from  experimeot  G  20B,  showiog  relation  of  actual  s/c 
ratios  to  theoretical  curve.  Abscissae,  cycle  lengths;  ordinates,  systole  lengths 
in  seconds.     Description  in  text. 

still  intact.  The  dots  of  group  V  show  the  s/c  ratios  of  14  measure- 
meats  shortly  after  the  cessation  of  stimulation.  The  dots  of  group 
VI,  representing  32  measured  cycles  indicate  the  greater  effect  of 
accelerator  stimulation  when  the  vagi  nerves  had  been  divided. 

The  data  plotted  in  relation  to  the  theoretical  s/c  ratios  make  it 
obvious  without  further  comment  that  the  stimulation  of  the  accel- 
erator nerves  reduces  systole  a  great  deal  more  than  can  be  accounted 
for  by  a  mechanical  abbreviation  of  the  systolic  portion  of  the  volume 
curve. 

Experiment  C  209  (Jig.  5).  The  line  of  theoretical  s/c  ratios  in  this 
experiment  was  derived  from  a  vagus  beat  having  a  cycle  length  of 
0.98  seconds  and  a  systole  length  of  0.285.  The  small  circles  arranging 
themselves  around  the  theoretical  line  are  normal  cycles  representative 
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of  40  measured  beatB.  The  lai^e  dots  represent  ratios  occurring  during 
vagus  excitation.  The  small  dots  of  group  7  indicate  the  duration  of 
aystole  during  mild  stimulation  of  the  stellate  ganglion;  those  of  group 
II,  the  effect  of  exciting  the  ganglion  with  a  stronger  current.  In 
both  iustaoces  the  vf^us  nerves  were  intact.  It  is  evident  that  a 
reduction  of  b/c  ratios  below  the  theoretical  value  occurs. 

In  order  to  determine  the  effect  of  accelerator  stimulation  on  the  b/c 
ratio  when  cycles  of  longer  duration  occurred,  we  tested  the  effect  of 
simultaneous  stimulation  of  the  accelerator  and  vagus  nerves.  This 
could,  of  course,  be  accomplished  by  simultaneous  electrical  stimula- 
tion of  these  nerves.  We  found  it,  however,  more  expedient  to  induce 
the  vagus  stimulation  through  chemical  means.  Pituitary  extract 
when  injected,  produces  such  a  stimulation  in  some  animals  as  was 
fortunately  the  case  in  this  experiment. 

The  dotted  circles  of  group  ///,  arranging  themselves  somewhat 
below  the  theoretical  line,  show  the  duration  of  systole  during  such 
pituitary  slowing.  That  this  slowing  is  at  least  predominantly  due  to 
vagus  stimulation,  is  evidenced  by  the  fact  that  subsequent  section  of 
the  vagi  restores  the  normal  rate  and  duration  of  systole.  This  is 
shown  by  the  crosses  of  group  IV  which  represent  the  systoles  of  18 
measured  cycles  after  the  vagi  nerves  were  cut  and  while  pituitrin  was 
still  acting. 

While  the  heart  rate  remained  slow  due  to  the  pituitary  extract,  the 
stellate  gangUon  was  again  stimulated.  Although  this  caused  some 
increase  in  rate,  the  heart  rate  did'  not  equal  that  natural  to  the  ani- 
mal. The  s/c  ratio  decreased  not  only  far  below  the  theoretical  ratios 
for  such  cycles,  but  also  far  below  the  s/c  ratios  of  other  much  shorter 
cycles.  This  is  evident  on  comparing  the  dots  of  group  V,  representing 
d  measurements  of  beats  occurring  during  accelerator  nerve  stimula- 
tion, either  with  the  dots  of  group  /,  with  the  crosses  of  group  IV  or 
with  the  circles  representing  normal  s/c  ratios.  Finally,  after  the  vagi 
had  been  divided  and  s/c  ratios  represented  by  the  crosses  of  group  IV 
had  been  attained,  the  stellate  ganglion  was  again  stimulated.  The 
results  of  27  measurements  are  shown  by  the  dots  of  group  VI. 

These  results  indicate  clearly  that  the  s/c  ratio  is  much  reduced 
below  the  theoretical  expectations  by  the  influence  of  the  accelerator 
nerves,  not  only  at  rapid,  but  at  slower  heart  rates  as  well. 

Experiment  C  210  (Jiy.  6).  In  this  experiment  the  curve  of  the  theo- 
retical s/c  ratio  was  derived  as  analyzed  in  detail  in  an  earlier  portion 
of  the  paper.    The  small  circles  represent  the  actual  s/c  ratios  of  60 
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normal  beats.  The  small  circles  in  group  777  are  representative  of 
cycles  following  the  injection  of  ,  ^  g  grain  of  atropine  sulphate. 

The  dotted  circles  show  the  s/c  ratios  of  13  cycles  obtained  during 
the  action  of  pituitary  extract  early  in  the  experiment.  Section  of  the 
vagi  abohshed  this  slowing  and  established  a  normal  rate.  Seven 
measurements  of  right  vagus  and  IS  observations  of  left  vagus  stimula- 
tion are  shown  by  crosses.  Under  all  of  these  conditions  of  varying 
vagus  activity  the  s/c  ratio  does  not  deviate  in  any  pronounced  fashion 
from  the  theoretical  line. 

On  accelerator  nerve  stimulation,  this  conformity  is  no  longer  ob- 
served. The  dots  of  group  7  represent  measurements  of  53  cycles 
during  and  immediately  after  accelerator  nerve  stimulation.  The 
dots  of  group  77  show  the  results  of  33  measurements  of  cycles  obtained 


Fig.  S.  Plot  of  data  from  from  experiment  C  210,  showing  rel&tion  of  actual 
a/c  ratios  to  theoretical  curve.  AbaciBsae,  cycle  lengths;  ordinates,  systole 
lengths,  in  seconds.    Description  in  text. 

while  the  accelerator  nerves  were  stimulated  and  the  heart  slowed  by 
pituitary  extract.  With  the  exception  of  three  dots  in  this  group 
which,  as  a  matter  of  fact,  correspond  to  cycles  at  the  very  onset  of 
stimulation,  the  s/c  ratios  are  far  below  the  theoretical  line. 

Finally,  when  the  vagi  nerves  had  been  sectioned,  3  cc.  of  a  1 :  50,000 
solution  of  epinephrin,  which  presumably  also  affects  the  sympathetic 
endings  in  the  heart,  were  injected.  The  crosses  included  in  group  7 
illustrate  the  s/c  ratio  of  44  rapid  beats  thus  produced.  It  is  obvious 
that  epinephrin  like  accelerator  stimulation  acts  to  abbreviate  systole 
much  more  than  can  be  explained  by  a  mechanical  shortening  of  systole 
at  these  rates. 

The  mechanism  of  accelerator  action.  Dtscmnon  of  results.  The 
experiments  above  cited  indicate  clearly   that,  while  under  normal 
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conditions  changes  in  the  duration  of  systole  may  conform  reasonably 
to  the  changes  anticipated  if  the  ventricle  beats  according  to  a  uniform 
plan,  the  abbreviation  of  systole  induced  throi^h  accelerator  activity 
both  at  rapid  and  slower  heart  rates  is  in  excess  of  that  which  may  be 
accounted  for  by  a  mechanical  shortening.  In  some  way  the  accelera- 
tor nerves  exert  an  influence  on  ventricular  systole  which  can  be  termed 
specific.  Before  it  may  be  assumed,  however,  that  such  an  influence 
is  exerted  directly  on  the  ventricular  muscle  and  acts  to  abbreviate  the 
contraction  process,  diligent  inquiry  must  be  made  for  the  involvement 
of  some  possible  mechanical  mechanism. 

The  possibility  suggests  itself  at  once  that  the  rapid  heart  action 
induced  by  accelerator  stimulation  causes  an  increase  in  the  minute 
volume  discharged  which  might  conceivably  operate  to  reduce  the 
venous  pressure  and  auricular  filling.  If  this  were  the  case,  the  rate  of 
ventricular  filling,  especially  in  early  diastole,  would  decrease  and  this 
might  mechanically  abbreviate  systole.  In  other  words,  it  is  conceiv- 
able that  under  rapid  heart  action  we  would  have  an  entirely  different 
filling  curve  and  that  therefore  the  theoretically  derived  curve  would 
no  longer  apply.  Unfortunately,  we  did  not  follow  the  venous  pres- 
sures throughout  the  experiment  nor  do  such  observations  during 
accelerator  stimulation  seem  to  have  been  reported.  In  the  volume 
curves  recorded  by  Henderson  (4)  during  accelerator  nerve  stimula- 
tion, there  is  no  such  indication  of  reduced  tilling;  indeed  the  rate  of 
filling  appears  to  us  slightly  increased.  Such  an  explanation,  however, 
could  not  account  for  the  greatly  abbreviated  systoles  occurring  when 
the  accelerator  nerves  affect  beats  maintained  at  or  below  the  normal 
rate  by  simultaneous  vagus  action. 

The  further  suggestion  that  the  reduction  of  systole  by  accelerator 
stimulation  is  due  to  a  shortening  of  the  isometric  period  rather  than 
the  ejection  phase,  might  be  entertained  were  the  reduction  itself  not 
frequently  far  greater  than  the  entire  isometric  interval.  By  no  plau- 
sible conception  at  present  presenting  itself  can  the  effect  of  the  accel- 
erator nerves  be  explained  otherwise  than  through  a  specific  effect  on 
the  duration  of  muscular  contraction  itself. 

This  explanation  is  further  substantiated  by  the  lack  of  a  fixed  rela- 
tion between  the  duration  of  systole  and  diastole  when  we  follow  them 
from  beat  to  beat  during  increased  accelerator  activity.  Thus,  accel- 
erator nerve  stimulation  usually  causes  an  immediate  shortening  of 
diastole  while  the  period  of  systole  shortens  gradually  and  progressively 
as  stimulation  continues.    In  some  experiments,  systole  continues  to 
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shorten  even  when  diastole  is  again  increasing.  We  have  plotted 
experiments  in  which,  during  continued  stimulation,  diastole  actually 
lengthened  again  so  that  its  duration  was  greater  than  normal,  yet 
systole  continued  at  its  shortest  length.  When  stimulatim  ceases  the 
systolic  period  usually  remains  shortened  for  as  much  as  20  seconds;  a 
shortened  diastole,  on  the  contrary,  at  once  begins  to  increase  in  length. 
The  general  trend  of  such  experiments  is  shown  in  an  abbreviated  plot 
in  figure  7.  At  A,  a  few  consecutive  normal  cycles  are  indicated.  At 
B,  the  20th  and  subsequent  beats  during  accelerator  stimulation  are 
'shown.  A  moderate  decrease  in  systole  and  a  marked  decrease  in 
diastole  are  evident  at  this  time.    As  stimtilatiou  continues  (B-C), 


Fig.  7.  Plot  from  experiment  C  209  II,  sbowiag  effect  of  accelerator  nerve  Btim- 
ulation  on  duration  of  systole  and  diastole  in  consecutive  heart  beats,  each 
represented  hy  a  dot.  Upper  plot,  duration  of  diastole;  lower  curve,  systole; 
ordinates  represent  time  in  seconds.    Description  in  text. 

systole  decreases  more  than  diastole.  Between  C  and  D,  25  beats  are 
omitted.  While  accelerator  stimulation  continues  at  D,  the  length  of 
systole  remains  practically  unaltered  while  the  period  of  diastole  has 
recovered  considerably.  At  E,  stimulation  ceased.  Between  E  and 
F,  6  beats  were  omitted.  By  this  time,  F,  diastole  has  regained  its 
normal  length,  but  systole  continues  shortened.  G  ia  a.  later  normal 
control. 

Another  illustration  is  shown  in  the  case  of  epinephrin  stimulation 
in  figure  8.  The  plot  starts  with  a  few  normal  control  data.  At  A, 
the  systole  and  diastole  after  the  20th  beat  following  epinephrin  injec- 
tion are  plotted.  Both  vagi  nerves  had  been  severed  and  a  previous 
dose  of  -jin'grain  of  atropine  sulphate  had  been  adminbtered.    In  this 
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instance,  diastole  first  lengthens  while  systole  progreseively  decreases 
(A  B).  Between  B  and  C,  45  beats  are  omitted  aad  by  that  time 
systole  has  again  begun  to  lengthen  while  diastole  decreases  further. 
This  again  demonstrates  the  lack  of  a  fixed  relation  between  systole 
and  diastole  when  the  accelerator  endings  are  stimulated. 

In  view  of  these  facts  and  since  cardiac  acceleration  under  normal 
conditions  is  undoubtedly  often  due  to  accelerator  nerve  activity,  the 
bypotheeis  that  the  ventricle  normally  beats  according  to  a  "uni- 
formity of  beh'avior"  law  at  these  rapid  rates  should  be  submitted  to 
further  experimentation. 


Fig.  8.  Plot  from  experiment  C  210  VTI,  ahowiog  effect  of  epinephrio  od  dura- 
tion of  systole  aod  diastole  in  consecutive  heart  beats,  each  represented  by  a  dot. 
Upper  plot,  duration  of  diastole;  lower  curve,  systole;  ordinates  represent  time 
in  seconds.    Description  in  text. 

8UHUART  AND  CONCLUSIONS 

Although  it  had  been  shown  by  previous  investigators  that  stimula- 
tion of  the  accelerator  nerves  causes  a  marked  reduction  in  the  dura- 
tion of  systole,  it  had  not  been  demonstrated  that  this  reduction  was 
greater  than  could  be  accounted  for  on  Henderson's  law  of  "uniform- 
ity of  behavior,"  and  consequently  no  clear  demonstration  existed  of 
any  specific  effect  on  the  ventricular  musculature. 

By  determining  the  duration  of  systole  as  well  as  the  cycle  length  in 
a  slow  vagal  beat,  we  found  it  possible  to  construct  a  probable  volume 
curve  for  each  animal  and  from  it  to  derive  a  plot  of  the  theoretical 
relation  that  should  exist  between  cycle  and  systole  lengths  at  any 
heart  rate  if  the  heart,  during  changing  nervous  action,  beats  accord- 
ing to  a  uniform  law. 

The  actual  systole  and  cycle  lengths  were  determined  from  the 
recorded  heart  sounds  during  a  wide  range  of  heart  rates  obtained 
throi^h  vagus  sectioning,  vagus  stimulation  and  accelerator  excitation 
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and  these  values  were  then  plotted  oq  codrdioate  paper  in  relation  to 
the  theoretically  constructed  curve  of  ■  — .—  ratios. 

UpoD  doisg  this,  it  was  found  that  while  the  actual  ■^—, —  ratios 

cycle 
obtained  during  normal  conditions  and  during  vagus  stimulation  coin- 
cided reasonably  well  with  the  theoretically  derived  values,  the  length  of 
systole  during  accelerator  atimviation  and  during  the  action  of  epinephrin 
ivere  markedly  less  than  those  indicated  by  the  ikeoretical  cur^ve.  Inasmuch 
as  this  occurred  whether  the  heart  rate  was  actually  increased  or  main- 
tained slow  by  the  simultaneous  action  of  pituitary  extract,  it  is  diffi- 
cult to  refer  this  to  any  mechanical  effect  on  the  venous  pressure  and 
ventriculsr  filling. 

Consequently,  the  conclusions  are  reached  a,  that  the  accelerator 
nerves  have  a  specific  effect  on  the  ventricular  musculatiu*e  which 
operates  to  reduce  the  contraction  period;  and  b,  that,  in  view  of  these 
observations,  the  hypothesis  that  under  normal  conditions  the  ventricle 
operates  according  to  a  uniform  mechanical  law,  should  be  subjected 
to  further  investigation. 
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The  widespread  use  in  the  diet  of  large  quantities  of  refined  eiiKars 
and  candies  is  a  comparatively  modem  development.  Because  the 
races  of  men  have  lived  for  ages  without  general  access  to  sugars  in 
coaccntratcd  fonn,  a  question  has  naturally  arisen  as  to  whether  the 
use  of  such  foods  may  not  in  some  instances  give  riso  <n  harmful  effects. 
It  was  perhaps  natural  also  that  the  rapid  developmeni  of  the  glucose 
industry  should  bring  forth  opponents  and  proponents  of  its  wide  use 
in  cooking  and  in  confections. 

It  is  not  necessary  at  this  date  to  refute  statements  with  reference 
to  the  alleged  harmful  character  of  cane  sugar  or  glucose  per  se,  inaa- 
much  ns  it  is  well  known  that  all  digestible  carbohydrates  are  absorbed 
from  the  intestine  in  the  form  of  simple  sugars  and  in  the  main  as 
glucose  formed  from  the  starch  of  foods. 

Certain  objections  to  the  use  of  sweets  must,  however,  be  considered. 
It  cannot  be  denied  that  the  eating  of  candies  before  meals  decreases 
the  appetite  for  other  foods  in  general  and  that  thus,  particularly  in 
the  case  of  children,  the  intake  of  foods  containing  essential  proteins, 
vitamines  and  inoi^anic  salts  may  be  reduced  below  the  optimum 
requirements  for  growth.  Purified  sugars  can  obviously  furnish  but 
the  single  dietary  essential,  carbohydrate.  This  depression  of  appe- 
tite may  be  associated  with  the  rapid  absorption  which  sugars  undergo 
in  the  intestine  as  well  as  with  the  depression  of  gastric  secretion  which 
is  indicated  by  data  presented  in  this  paper.     Such  work  as  has  been 

>  The  expenses  of  this  investigation  were  defrayed  from  funds  furnished  by 
Mrs.  M.  H.  Henderson,  The  Curtis  Publishing  Company  and  Doctor  L.  M.  Halsey. 
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carried  out  on  the  aBsimilation  of  carbohydrates  as  measured  by  the 
rise  of  blood  and  urinary  sugar  following  their  ingestion  indicates  that 
pure  sugars  are  absorbed  sooner  from  the  intestine  than  the  glucose 
formed  from  starch  ingested  (1).  The  assimilatory  power  of  the  nor- 
mal human  body  for  glucose  would  not  appear,  however,  to  be  readily 
overiiaxed. 

It  is  known  that  in  diabetes  the  weakened  assimilatory  function  of 
the  system  for  carbohydrate  is  still  further  impaired  by  the  ii^estion 
of  large  amounts  of  such  food,  and  it  might  be  supposed  that  habitual, 
long-continued  use  of  many  sweets  might  lead  to  the  aggravation  of  a 
diabetic  tendency  which  might  not  otherwise  manifest  itself.  Such  a 
suggestion  has  been  made,  but  there  is  little  concrete  evidence  to  sup- 
port it. 

Sugars  and  candies,  on  the  other  hand,  are  particularly  suited  to 
furnish  to  the  body,  in  convenient  form,  an  additional  quota  of  readily 
assimilable  energy.  Thus  it  has  been  pointed  out  that  a  single  caramel 
may  furnish  45  calories  or  sufficient  energy  for  a  mile  walk  (2),  and 
that  other  confections  yield  similar  amounts  of  energy.  The  view 
that  these  preparations  are  of  negligible  food  value  must,  therefore, 
be  discarded.  Surely  there  is  a  physiological  basis  for  the  candy 
craving  of  children  which  cannot  be  disregarded,  unless  enei^  in 
abundance  is  furnished  by  other  foods,  nor  does  there  seem  to  be  any 
good  reason  for  replacing  more  of  the  food  carbohydrate  by  fata  (except 
those  high  in  vitamine)  which  are  less  readily  assimilated  and  for  which 
children  generally  have  less  desire. 

In  the  cases  of  gastro-intestinal  derangements  more  common  in 
adult  life,  the  influence  of  diet  on  the  secretory,  motor  and  fermenta- 
tive processes  of  the  digestive  tract  may  overbalance  considerations 
of  energy  value. 

In  the  present  paper  we  have  endeavored  to  determine  the  influence 
of  certain  sizars,  candies  and  other  confections  on  the  secretory  and 
motor  responses  of  the  stomachs  of  normal  adults. 

The  experiments  were  carried  out  on  normal  medical  students  and 
members  of  the  staff  of  the  department.  They  reported  about  nine 
o'clock  in  the  morning,  and  any  residuums  which  were  present  were 
removed  from  the  stomach.  The  sugar  solutions  or  candies  were  then 
given  and  samples  of  stomach  contents  removed  at  15-minute  intervals 
until  the  stomach  was  empty.  Free  and  total  acidities,  pepsin,  trypsin 
and  amino  acid  nitrogen  were  determined  by  methods  previously 
described  (3). 
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The  response  of  the  stomach  was  studied  following  the  ingestion 
of  cream  candies,  hard  candies,  chewii^  candies,  fresh  and  stale  can- 
dies, chocolate  and  candy  combinations.  Inasmuch  as  most  sweets 
enter  the  stomach  essentially  as  sugar  solutions,  a  preliminary  study 
was  made  of  the  influence  of  concentrated  and  dilute  solutions  of  cane 
sugar  and  glucose. 

The  response  of  the  stomach  to  dilute  and  concentraied  solutions  of 
sucrose,  glucose  and  maple  sugar.  Nine  experiments  were  made  on 
dilute  and  concentrated  si^ar  solutions.  The  results  of  these  experi- 
ments are  charted  in  figures  1  to  9.  One  subject  was  givBn  250  cc. 
portions  of  4  per  cent  glucose  and  cane  sugar  solutions;  another  sub- 
ject, 150  cc.  portions  of  6  per  cent  glucose  and  cane  sugar  solutions, 
the  total  amount  of  sugar  given  in  each  case  being  about  10  grams. 
The  same  evacuation  time  (1  hour  and  45  minutes)  was  obtained  in 
each  of  the  four  experiments,  and  the  acid  responses  were  very  similar. 

No  distinction  could,  therefore,  be  made  between  the  responses  of 
the  stomach  to  dilute  solutions  of  glucose  and  cane  sugar  nor,  as  the 
curves  show,  could  there  have  been  any  distinct  depression  of  gastric 
secretion  by  the  dilute  sugar  solutions  in  the  quantities  given. 

Maple  sugar  in  dilute  solution  was  given  to  the  same  subjects  and 
was  found  to  leave  the  stomach  in  from  45  minutes  to  an  hour  and  15 
minutes  without  distinct  depression  of  gastric  secretion.  The  fact 
that  this  solution  left  sooner  than  the  cane  sugar  or  glucose  may  have 
had  some  relation  to  the  more  pleasant  taste  of  the  maple  sugar.  The 
cases  are  not  quite  comparable,  however,  as  the  glucose  and  cane  sugar 
solutions  were  given  without  removing  residuums. 

Concentrated  sugar  solutions  were  given  the  men  who  had  previously 
received  dilute  solutions.  One  subject  was  given  100  grams  each  of 
glucose  and  cane  sugar  in  59  per  cent  solutions.  The  other  subject 
was  given  100  grams  of  glucose  in  40  per  cent  solution.  Such  solu- 
tions rem^ed  in  the  stomach  from  one^alf  to  an  hour  longer  than 
similar  volumes  of  the  dilute  sugar  solutions.  In  the  case  of  the  glu- 
cose solutions,  the  secretion  of  gastric  acid  was  markedly  depressed  for 
an  hour  and  a  half  or  until  much  of  the  glucose  had  left  the  stomach. 
The  secretion  of  pepsin  was  inhibited  also.  Cane  sugar  in  concen- 
trated solution  appeared  to  have  somewhat  more  stimulatory  power, 
but  its  evacuation  was  likewise  delayed.  It  is  possible  that  the  sweeter 
taste  of  cane  sugar  or  its  less  rapid  absorption  from  the  inte  tine  may 
influence  the  response  of  the  stomach  to  its  concentrated  solution,  but 
more  evidence  on  this  point  would  be  required.    It  is  clear  that  con- 
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ceDtrated  sugar  solutions  markedly  depress  gastric  secretion  and  delay 
evacuation. 

Soft  candies.  Under  this  heading  were  included  chocolate  creams, 
fudge,  bonbons  and  wafers.  The  contents  alone  of  chocolate  creams, 
and  plain  milk  chocolate  were  also  studied. 

The  interiors  of  chocolate  creams  (consisting  m^ly  of  glucose) 
were  given  in  100-gram  portions  to  two  subjects  (see  figs.  11  and  12). 
It  will  be  noticed  that  gastric  secretion  was  markedly  inhibited  and 
evacuation  much  delayed  by  the  ingestion  of  this  amount  of  cream 
candy  which  was  given  without  water  and  formed  a  concentrated  sugar 
solution  in  the  stomach.  The  same  depresdng  action  was  noted  where 
soft  creamy  bonbons  were  given  (see  fig,  13).  These  contained  some- 
what more  cane  sugar  and  were  more  highly  flavored  than  the  creams 
previously  tested.  This  may  possibly  have  accounted  for  the  slightly 
more  rapid  evacuation. 

Soft  creamy  wafers  of  strawberry  flavor  were  given  to  one  subject, 
100  grams  of  the  candy  being  ingested.  As  might  be  expected,  the 
gastric  secretion  waa  depressed  by  the  lai^  amount  of  sugar  present. 
Evacuation,  however,  was  completed  in  moderate  time  (1}  hour), 
showing  perhaps  some  influence  of  the  fruit  flavor  on  gastric  motility. 

Wafers  of  the  same  type  but  with  strong  peppermint  flavor  remuned 
three-quarters  of  an  hour  longer  in  the  stomach  of  this  subject  than  did 
the  strawberry  wafers  and  gave  rise  to  somewhat  more  acid  secretion. 
The  delayed  evacuation  may  have  been  due  to  irritation  of  the  duo- 
denal mucosa  by  the  oil  of  peppermint  used  as  a  flavorii^  agent. 

Chocolate  fudge  remained  in  the  stomaoh  of  one  subject  half  an 
hour  longer  than  a  strawberry-flavored  cream  candy  (see  fig.  16). 
There  was  also  a  distinctly  higher  acid  production  in  the  case  of  fudge. 
Both  of  these  effects  must  be  related  to  the  presence  in  the  fudge  of 
butter  fat  and  chocolate. 

That  chocolate  stimulates  gastric  secretion  is  indicated  by  our 
experiment  in  which  milk  chocolate  was  given  (see  fig.  17),  an  acidity 
twenty  points  higher  being  attained  than  in  the  case  of  creams.  Milk 
constituents  are  probably  responsible  in  part  for  this  effect.  Milk 
chocolate  left  the  stomach  in  2  hours  or  half  an  hour  sooner  than  cream 
candy.  It  must,  therefore,  be  considered  as  throwii^  less  of  a  burden 
on  the  stomach  than  the  latter. 

Chocolate  creams  were  compared  in  two  cases  with  the  contents 
of  similar  creams.  Our  best  subject  (see  fig.  IS)  showed  practically 
the  same  evacuation  time  for  both  but  a  somewhat  higher  acid  develop- 
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ment  on  chocolate  creams  in  agreement  with  our  findings  on  chocolate 
alone.  Our  second  subject  also  gave  higher  acidities  on  chocolate 
creams  but  evacuation  was  delayed  due  to  considerable  intestinal  regur- 
gitation characteristic  of  this  subject.  He  was  also  given,  for  com- 
parison, chocolate  creams  which  were  8  months  old  and  very  stale  and 
not  appetizit^.  These  showed  delayed  evacuation  and  high  acidity 
as  compared  with  cream  candies,  and  it  appears  probable  were  less 
easily  handled  by  the  stomach  than  similar  candy  in  the  fresh  condi- 
tion. Interpretation  is  somewhat  difficult  on  account  of  the  excessive 
regui^tation  of  this  subject. 

Hard  candies.  Two  men  were  permitted  to  suck  continuously  for 
15  minutes  on  hard  candies  (lemon-flavored  stick  candy).  The  candies 
were  weighed  before  and  after,  and  it  was  foimd  that  one  man  suc- 
ceeded in  obtaining  15  grams  of  candy,  the  other  onlj'  7  grams.  No 
water  was  taken  by  either  during  the  course  of  the  experiment  so  that 
the  sugar  must  have  entered  the  stomach  as  a  solution  of  moderate 
concentration.  In  each  case  a  slight  gastric  secretion  of  moderate 
acidity  was  developed,  and  the  stomach  was  empty  in  an  hour.  Neither 
was  there  any  distinct  continued  secretion  afterward.  It  is  clear  that 
the  burden  placed  on  the  stomach  by  sucking  the  hard  candy  was 
very  much  less  than  that  produced  by  the  liberal  or  moderate  eatii^  of 
cream  candies. 

Chewing  candiea.  Caramels,  salt  water  t^y  and  gum  drops  were  the 
chewing  candies  studied  (see  figs.  22  to  25).  Caramels  gave  rise  to  a 
much  greater  acid  production  than  cream  candies,  although  evacuation 
times  were  about  the  same.  This  acidity  may  have  been  due  to  the 
greater  chewing  psychic  secretion  as  well  as  to  direct  stimulation  by 
ingredients  of  the  caramels  other  than  sugar.  At  any  rate  the  marked 
depressing  action  of  pure  sugar  candies  was  not  noted.  The  marked 
differences  between  free  and  total  acidities  were  due  largely  to  the 
action  of  the  gastric  acid  on  the  phosphates  of  swallowed  saliva. 

In  the  case  of  gum  drops  experimental  difficulties  were  met  with  as 
the  gelatinous  mass  formed  in  the  stomach  clogged  the  aspu*ation 
tube.  It  is  clear,  however,  that  the  gum  drops  left  the  stomach  in 
moderate  time  and  produced  httle  acid  stimulation  and  were  thus 
handled  without  difficulty  so  far  as  the  stomach  was  concerned. 

Sidt  water  taffy  left  the  stomach  of  one  subject  sooner  than  caramels 
or  creams  but  developed  a  much  lower  acidity  than  caramels.  It  may 
be  that  the  chewii^  psychic  secretion  caused  by  eating  caramels  was 
greater  due  to  their  flavor  more  nearly  approximating  that  of  pala- 
table food  normally  giving  rise  to  a  gastric  stunulation. 
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MarskmaUows  and  licorice.  Toasted  and  imtoosted  marshmallows 
were  given  to  one  of  our  Bubjecte.  The  gastric  response  was  markedly 
different  in  the  two  cases.  The  toasted  marshmallows  left  the  stomach 
an  hour  sooner  and  gave  rise  to  an  acid  development  forty  points 
higher  than  plain  marshmallows.  The  psychic  stimulation  due  to  the 
more  appetizing  flavor  after  toastii^  may  be  partly  responsible  for 
such  differences,  as  well  as  the  alteration  in  texture  and  in  the  condi- 
tion of  the  egg  white  which  they  contain.  It  is  known  that  raw  egg 
white  has  very  little  stimulatory  power  as  compared  with  the  cooked 
product. 

A  man  was  allowed  to  suck  a  stick  of  licorice  for  15  minutes,  obtain- 
ing in  this  time  about  5  grams  of  the  substance.  It  gave  rise  to  a 
fairly  abundant  secretion  of  moderate  acidity  and  remained  in  the 
stomach  for  2|  hours. 

Pop-corn  preparations.  Sugared  pop-corn  was  given  to  two  subjects 
in  amounts  of  50  and  38  grams  respectively.  Such  pop-corn  was 
found  to  leave  the  stomach  in  about  1  hour  and  to  develop  a  moderate 
acidity.  Buttered  pop-corn  gave  a  very  similar  response  in  another 
subject  (see  fig.  31),  leaving  for  the  most  part  in  an  hour  and  a  half. 
It  must  be  borne  in  mind,  however,  that  certain  of  the  larger  and 
harder  puticles  of  com  which  could  not  be  aspirated  remuned  in  the 
stomach  somewhat  longer.  Practically  all  of  the  com  left  in  moderate 
time. 

Bread  and  honey.  Sugars  being  very  frequently  given  in  the  form 
of  symps  added  to  bread  and  other  foods,  we  endeavored  to  determine 
what  effect  such  additions  might  have  upon  the  gastric  response. 

A  man  was  given  40  grams  of  whole  wheat  bread  without  additions, 
and  after  this  had  left  the  stomach  he  was  given  the  same  amoimt  of 
broad  with  20  grams  of  honey.  The  addition  of  honey  depressed 
gastric  secretion  slightly  but  did  not  delay  evacuation,  although  the 
food  value  of  the  preparation  had  been  greatly  increased.  A  moderate 
amount  of  honey  added  to  bread  cannot,  therefore,  be  considered 
harmful. 
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TABLE  1 

The  retpontt  of  ih«  human  tlomaeh  to  emtdiu 


Dilute  glucoee  solution 

Dilute  glucose  solution 

Concentrated  glucose  solution . . . 
Concentrated  glucose  solution . . . 

Dilute  cane  sugar  solutinn 

Dilute  cane  sugar  solution 

Concentrated  cane  sugar  solution 

Dilute  maple  sugar  solution 

Dilute  maple  sugar  solution 

Chocolate  creams 

Chocolate  creams 

Creams 

Creams 

Chocolate  fudge 

Milk  chocolate 

Bonbons 

Cream  wafers,  peppermint 

Cream  wafers,  strawberry 

Lemon  sticks 

Lemon  sticks 

Caramels 

Caramels 

Taffy,  salt  water 

Licorice 

Gum  drops 

Marshmallows,  plain 

Marahmailows,  toasted 

Bread  and  honey 

Pop-corn,  sugared 

Pop-corn,  sugared 

Pop-corn,  buttered 

Stale  chocolate  creams 


^-o-nr. 

'^T 

1:45 
1:45 
2:15 

107.6 
67.6 
106.0 

1:45 

82.0 

1:46 

71.0 

2:45 

99.6 

1:15 

88.6 

0:45 

32.6 

2:15 

66.6 

3:15 

79,6 

2:45 

36.0 

2:30 

57.6 

2:16 

73.0 

2:00 

69.5 

2:30 

33.0 

2:30 

42.S 

1:45 

37.6 

1:00 

52.0 

1:00 

62.0 

2:45 

80.0 

2:45 

92.0 

1:45 

26.5 

2:45 

64.0 

1:30 

38.6 

3:15 

61.5 

2:15 

103.0 

1:30 

75.0 

1:30 

65.5 

1:30 

re5 

1:30 

66.6 

3:15 

72.6 

90.0 

4S.0 
2S.0 
10.0 
68.0 


66.0 
64.0 
24.0 
44.0 
61.0 
69.0 
24.0 
40.0 
29.0 


43.0 
88.0 
64.0 
58.0 
64.0 
66.0 
64.0 


StnOf  AKT  AND  CONCLUSIONS 

lisrge  amounts  (100  grams)  of  cane  sugar  or  glucose  in  concentrated 
solution  markedly  depressed  gastric  secretion  and  delayed  evacuation 
of  the  stomach. 

Small  amounts  (10  grama)  of  cane  sugar  or  glucose  did  not  a;H>^ci- 
ably  inhibit  either  gastric  secretion  or  evacuation. 


,v  Google 


GA8TBIC  RESPONSE   TO  SUGARS  AND   CANDIES  87 

Cimdies  depress  secretion  and  delay  evacuation  in  proportion  to 
their  sugar  content  and  the  amounts  of  them  ingested.  This  tendency 
is  influenced,  however,  by  flavoring  substances,  and  particularly  by 
added  food  ingredients  such  as  milk,  eggs  or  chocolate,  which  stimulate 
gastric  secretion. 

Candies  should  be  eaten  not  before  but  after  meals.  Hard  candies 
which  must  be  sucked  are  preferable  to  cream  candies  for  children 
because  of  the  smaller  quantity  of  less  concentrated  sugar  solution 
derived  from  them. 

Cane  sugar  and  maple  sugar  ehcited  much  the  same  response  from 
the  htunan  stomach  as  glucose,  although  the  possibility  that  the  greater 
sweetness  and  less  rapid  absorption  of  the  first  mentioned  sugars  gives 
them  a  slight  advantage  is  not  excluded. 

Soft  candies  such  as  bonbons,  soft  creamy  wafers  and  the  interiors  of 
chocolate  creams  when  given  in  100-gram  portions  exerted  the  same 
depressing  action  on  gastric  secretion  and  evacuation  as  concentrated 
sugar  solutions. 

Peppermint  oil  used  as  a  Savoring  ^ent  delayed  evacuation  while  a 
strawberry  fruit  flavor  appeared  to  accelerate  it. 

Chocolate  appeared  to  stimulate  gastric  secretion  as  indicated  by 
experiments  on  milk  chocolate,  chocolate  fudge  and  chocolate  creams, 
which  gave  higher  acid  figures  than  plain  sugar  candies.  Stale  choco- 
lates remained  in  the  stomach  relatively  long. 

The  sucking  of  hard  candies  introduced  but  a  small  amount  of 
sugar  into  the  stomach  which  was  readily  evacuated  and  exerted  little 
depressing  action  on  gastric  secretion. 

Chewing  caramels  gave  rise  to  a  more  voluminous  gastric  secretion 
than  cream  candies,  but  evacuation  times  were  about  the  same.  Salt 
water  taffy  gave  rise  to  less  secretion,  while  gum  drops  left  the  stomach 
rapidly  with  little  acid  production. 

Plain  marshmallows  remained  in  the  stomach  rather  long,  but  after 
being  toasted  these  confections  left  the  stomach  rapidly  and  gave 
rise  to  high  intragastric  acidities. 

Licorice  gave  rise  to  a  fairly  abundant  secretion  and  remained  in  the 
stomach  for  nearly  3  hours. 

Sugared  or  buttered  pop-corn  developed  a  moderate  acidity  and 
left  the  stomach  rather  quickly. 

The  addition  of  honey  to  bread  did  not  delay  evacuation,  although 
acid  production  was  somewhat  depressed. 
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In  a  fonner  paper  (I)  I  presented  evidence  to  show  that  the  admin- 
istration of  the  anterior  lobe  of  the  pituitary  has  a  very  beneficial 
action  upon  maintenance  and  growth  of  thyroidectomized  rats.  In 
that  paper  I  pointed  out  the  importance  of  using  animals  of  "approxi- 
mately the  same  size,  age  and  strain,  and  wherever  possiblt^  from 
the  same  litter."  At  that  time  however,  I  was  unable  to  meet  these 
conditions  in  a  wholly  satisfactory  way.  I  have  now  repeated  the 
experiments  with  a  larger  number  of  animals  and  with  strict  regard  to 
the  comparison  of  individuals  from  a  single  litter. 

There  were  in  all  seventy-two  litters  used.  These  were  selected  of 
as  nearly  the  same  date  of  birth  as  the  conditions  of  the  work  would 
permit.  The  litters  were  kept  separated  and  directly  upon  the  day  of 
weaning  were  ear-marked  and  subdivided  into  the  respective  series. 
In  this  arrangement  extreme  care  was  taken  in  regard  to  sex,  weight 
and  even  color.  All  runts,  individuals  below  the  average  weight  and 
size  of  the  litter,  were  eliminated.  In  anticipation  of  possible  acci- 
dental deaths  from  ether,  etc.,  the  members  in  the  operated  series 
greatly  outnumbered  those  in  the  normal  series.  There  were  four 
main  series  of  animals: 

A.  Thyroidectomized  animals  fed  upon  the  normal  diet  in  addition 
to  kidney. 

B.  Thyroidectomized  animals  fed  upon  the  normal  diet  in  addition 
to  anterior  lobe. 

C.  Normal,  that  is,  unoperated,  animals  fed  upon  the  normal  diet  in 
addition  to  anterior  lobe. 

D.  Normal,  that  is,  unoperated,  animals  fed  upon  the  normal  diet 
in  addition  to  kidney. 
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To  these  series  a  fifth,  E,  was  added,  consisting  of  only  s  very  few 
thyroidcctomized  animals  which  were  fed  upon  the  normal  diet  in 
addition  to  thyroid.  As  was  to  be  expected  from  the  results  of  thyroid 
feeding  in  cases  of  thyroid  deficiency  in  other  animals  and  also  from 
the  work  of  Cramer  and  McColi  (2)  on  the  rat,  the  animals  in  group  E 
differed  scarcely  at  all  from  the  normals.  The  individual  results  will 
not  1)8  given  in  the  tables,  but  the  final  results  will  be  recapitulated 
with  the  other  four  series. 

In  the  subdivision  of  the  litter  one  rat  of  the  same  sex  and  color 
was  placed  in  each  of  the  four  main  series.  This  was  possible  in  most 
cases,  since  the  number  in  the  litters  varied  from  four  to  twelve.  But 
if  there  happened  to  be,  say,  two  males  and  two  females  in  one  litter, 
those  of  the  same  sex  were  placed  in  the  operated  series  and  the  others 
in  the  unoperated.  After  picking  out  one  animal  for  each  series  all  of 
the  remaining  litter  mates  were  distributed  strictly  according  to  sex 
in  the  operated  groups,  there  being  sometimes  four  from  one  litter  in 
each  operated  series.  Any  odd  member  was  placed  in  the  fifth  group. 
The  result  was  that  at  the  end  of  the  division  every  member  in  each  of 
the  four  series  had  a  litter  mate  of  the  same  sex  in  every  other  series. 
I  have  thus  been  able  to  give  tables  in  which  it  is  possible  to  see  the 
results  in  each  single  litter  although  as  a  matter  of  fact  the  whole 
numl)er  of  animals  used  was  so  large  that  a  statistical  treatment  would 
have  served  the  same  purpose. 

So  far  as  possible,  litter  mates -were  operated  upon  on  the  same  day. 

The  experiment  lasted  from  August  1,  1919,  the  date  of  the  first 
operation,  until  March  1,  1920,  the  time  of  the  last  weighing.  The 
animals  were  weisihed  separately  and  at  the  same  time,  in  relation  i6 
feeding,  once  a  week  until  through  December  and  then  every  two  ' 
weeks  until  January  19,  and  the  final  weighings  were  made  at  the  end 
of  the  experiment  on  March  1. 

The  rats  were  kept  five  in  a  cage.  The  cages  contained  only  males 
or  females  in  order  to  avoid  distortion  of  growth  curve  through  preg- 
nancy- The  food  which  I  have  spoken  of  above  as  "normal  diet" 
consisted  of  the  following  ingredients: 

Corn  meal 6.0  parte 

Rice 2.0  parte 

Barley .2.0  parte 

Meat  powder 4.6  parts 

Lard 5.5  parts 

NaCI 1 .0  per  cent 

CaCli 1.5  percent 

Greens  ad  libitum 
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In  addition  to  the  normal  diet  each  animal  received  as  already  stated 
either  anterior  lobe  of  the  pituitary  or  an  equivalent  amount  of  kidney. 
The  members  of  group  E  received  0.2  gram  of  fresh  beef  thyroid  daily; 
whenever  possible  the  dosage  of  anterior  lobe  was  one  entire  lobe 
daily  to  each  animal  in  the  two  series,  and  whenever  there  were  too 
few  glands  for  that  dosage  they  were  divided  equally  between  the 
different  members.  The  anterior  lobes  were  administered  in  such  a 
way  that  each  animal  received  at  least  one-half  a  gland  at  each  feeding. 

The  histories  of  all  the  membera  of  the  series  are  recorded  in  two 
main  tables.  Throughout  the  following  discussion  no  reference  is 
made  to  animals  which  were  killed  by  ether  or  in  a  few  cases,  lost. 
Such  individuals  were  discarded. 

In  the  first  table  the  histories  of  all  of  the  animsln  still  living  at  the 
termination  of  the  experiment  are  exhibited  apart  from  those  rats 
which  died.    These  latter  are  treated  in  tables  3  and  4. 

Table  1  shows  the  sex,  number,  date  of  birth,  date  of  operation, 
initial  and  terminal  weights  as  well  as  the  gain.  Up  to  no.  65,  the 
number,  sex  and  date  of  birth  are  the  same  for  all  of  the  individuals 
represented  in  a  horizontal  row,  since  all  of  the  animals  therem  are 
members  of  the  same  litter.  In  litters  65,  66  and  67,  the  members 
are  of  the  same  sex  in  the  operated  group  but  of  a  different  sex  from 
that  in  the  normal  groups,  which  is  the  same,  however,  in  the  two 
unoperated  series.  The  members  of  groups  73  to  81  are  from  different 
litters  owing  to  deaths  of  the  other  litter  mates. 

Table  2  presents  the  averages  of  the  data  shown  in  detul  in  table  1. 
The  homogeneity  at  the  outset  of  the  experiment  is  indicated  by  the 
average  initial  weights  which  are  32.9,  32.5,  31.8  and  31,8  respectively. 
In  contrast  with  these  the  average  terminal  weights  (and  the  average 
gains)  show  marked  differences.  Growth  was  slower  in  the  thyroid- 
cctomized  animals  fed  on  the  control  diet  than  in  thethyroidectomized 
animals  which  received  pituitary,  the  gain  of  the  former  being  only 
123.7  grams  as  compared  with  171.3  grams.  This  result  is  in  con- 
formity with  that  contained  in  the  previous  paper.  It  must  be  remem- 
bered, moreover,  that  these  figures  deal  only  with  the  animals  which 
survived  at  the  close  of  the  experiment.  If  in  calculating  the  effect 
upon  the  rate  of  growth  the  animals  which  did  not  survive  to  the  end  had 
been  included,  the  difference  would  have  been  still  more  marked. 

It  is  also  of  interest  to  note  that  in  the  normal  series  the  gun  in 
weight  was  greater  in  the  pituitary  animals  than  in  those  receiving 
the  control  diet.     Under  the  circumstances  there  can  scareely  be  a 
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doubt  that  the  difference  is  due  to  a  etimulating  iDfluence  of  the  anterior 
lobe. 

It  is  conceivable  that  the  results  might  be  different  for  the  two  sexes. 
I  have  tabulated  the  gains  for  the  males  and  females  separately  in 
table  3.  Here  again  the  anterior  lobe  exerts  a  beneficial  action  upon 
the  operated  animals.  In  addition  a  comparison  of  the  two  sexes  of 
the  normal  animal  seems  to  reveal  an  increased  effect  of  the  anterior 
lobe  upon  the  growth  of  males. 

As  stated  above,  tables  1  and  2  incliide  only  animals  whicb  were 
alive  at  the  end  of  the  experiment  and  are  therefore  useful  in  showing 
the  influence  of  the  gland  substance  on  the  rate  of  growth.  Another 
important  feature  of  the  effect  of  the  gland  substance  is  seen  in  its 
influence  upon  the  duration  of  life.  Table  4  gives  the  length  of  life 
after  the  operation  up  to  death  and  table  5  shows  the  total  number  of 
animals  in  each  series  as  well  as  the  number  which  died  and  the  per- 
centage of  deaths. 

TABLES  , 

Tabular  tummory  of  dtiUtu 
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DISCUSSION  or  Rssm/rs 

The  experimental  results  show  definitely  that  the  administration 
of  the  anterior  lobe  of  the  hypophj^  increases  the  growth  and  pro- 
longs the  life  of  thyroidectomized  rats.  Also  the  pituitary  substance 
accelerates  the  growth  of  normal  animals.  These  results  at  once  sug- 
gest two  possible  interpretations:  either  a,  that  this  beneficial  effect  is 
due  to  the  direct  substitution  of  the  pituitary  substance  for  that  of  the 
thyroid;  or  6,  to  a  favorable  action  of  the  hypophysis  upon  the  organ- 
ism as  a  whole.  The  latter  alternative  is  supported  by  the  increased 
growth  of  the  normal  animfyls  to  which  pituitary  had  been  admin- 
istered. On  the  other  hand  the  difference  in  the  two  groups  of  operated 
animals  is  so  much  greater  than  in  the  two  groups  of  normal  animals 
rhat  it  hardly  seems  possible  that  this  variance  can  be  accounted  for  by 
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a  general  improvement  of  the  state  of  the  animals  but  rather  that  it  is 
due  in  part,  at  least,  to  an  actual  substitution  of  the  hypophyseal 
substance  for  the  lacking  thyroid  secretion.  This  possibility  is  ren- 
dered more  probable  by  the  effect  of  the  pituitary  on  the  prolongation 
of  life  of  the  operated  animals.  For  a  further  discussion  of  these 
possibilities  and  the  literature,  reference  is  made  to  the  previous 
paper  (1). 

Since  the  publication  of  the  pre\'iou8  paper  three  investigations 
have  appeared  which  have  an  interesting  bearing.  All  three  deal 
with  the  effect  of  the  administration  of  pituitary  to  thyroidectomized 
frog  larvae.  Smith  and  Allen  (4)  working  independently  report  nega- 
tive results.  Hoskins  and  Hoskins  (3)  on  the  other  hand,  not  only 
obtained  beneficial  effects  but  found  that  pituitary  causes  a  hastened 
metamorphosis.  They  interpret  these  results  as  indicating  either  a 
substitution  or  an  effect  of  the  pituitary  upon  the  whole  oi^anism. 
Thus  the  results  in  the  previous  work,  the  first  positive  indication  of 
the  possibility  of  s  substitution,  have  been  confirmed  by  the  author 
and  by  Hoskins  on  different  animals. 

The  question  now  arises  as  to  the  cause  of  death  of  the  operated 
animals.  Post  mortems  were  made  of  all  the  animals  and  in  not  a 
single  case  was  there  any  macroscopic  evidence  of  infection  in  the 
operated  region.  Invariably  the  animal  was  extremely  emaciated, 
undersized  and  with  scanty  hair.  The  cause  of  death  may  be  fairly 
attributed  to  metabolic  disturbances  and  interference  with  the  normal 
bodily  functions  due  to  lack  of  thyroid  secretion. 

Careful  pathological  examinations  of  three  animals  were  made  by 
three  different  pathologists.  In  one,  no  pathological  condition  save 
that  of  extreme  emaciation  could  be  detected,  while  in  another  evi- 
dences of  a  pneiunonia  were  present.  In  the  last  one  examined  but 
httle  of  s^nificance  was  found,  the  pathologist  agreeing  with  me  that 
even  if  the  animal  had  died  of  some  terminal  disease  such  as  pneumonia 
the  "evidence  is  sufficient  to  make  a  diagnosis  of  terminal  pneumonia 
developing  in  an  animal  whose  resistance  had  been  lowered  by  abnor- 
mal disturbances  of  metabolism."  Many  of  the  animals  which  later 
died  had  remained  for  months  in  an  emaciated,  dwarfed  condition. 
This  condition  did  not  develop  till  some  time  after  the  operation.  As 
stated  above,  all  so-called  runts  were  excluded  at  the  beginning.  The 
retarded  development  then  must  have  been  due  to  thyroid  deficiency. 

Even  if  the  deaths  had  been  due  to  infection  of  any  kind  it  would 
still  be  necessary  to  show  why  these  infections  attacked  only  the  oper- 
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ated  animal.  Such  a  result  would  still  be  attributable  to  disturbed 
metabolism  or  lowered  resistance.  Again  the  scattered  distribution  of 
deaths  would  contra-indicate  the  incidence  of  an  infection. 

That  the  deaths  are  primarily  due  to  a  thyroid  rather  than  a  parar 
thyroid  deficiency  might  be  inferred  from  the  longevity  of  many  of  the 
animals  after  operation.  As  in  the  previous  research  in  the  cases  of 
very  young  operated  animals  which  died  two  to  four  days  after  opera- 
tion some  evidences  of  tetany  were  observed,  only  three  cases  in  the 
present  experiment.  However  the  general  condition  of  the  animals 
up  to  death  indicates  a  thyroid  deficiency.  Many  of  the  operated 
animals  exhibited  what  might  be  termed  mj'xedematous  symptoms. 
In  addition  to  a  dull  lethargic  condition  there  was  a  marked  difference 
in  the  state  of  the  coats  of  the  operated  animals  and  the  normals. 
This  condition  in  the  operated  individuals  varied  from  dirty  yellow 
coats  to  lack  of  hair  in  many  spots.  Three  very  unusual  conditions 
were  noted  which  the  writer  has  not  seen  mentioned  elsewhere.  The 
most  striking  was  in  some  individuals  a  complete  loss  of  hair  along  the 
midline  of  tlie  back.  This  gave  the  white  rat  a  weird  appearance,  due 
to  the  bright  red  skin  along  the  back  in  contrast  to  the  white  coat 
elsewhere.  The  bare  place  ran  along  the  back  and  top  of  the  head, 
being  widest  at  the  head.  This  condition  was  detected  in  about 
twelve  of  the  operated  animals.  It  appeared  about  the  second  week 
after  operation  and  dbappeared  within  four  weeks,  new  hair  growing 
and  the  general  condition  of  the  animal  improving.  This  subsequent 
reappearance  of  hair  is  in  accordance  with  the  findings  of  Cramer  and 
McCall  (2)  who  state  that  after  thyroidectomy  in  rats  there  is  at  first 
a  fall  in  metabolism  which  is  later  followed  by  a  return  to  normal  or 
nearly  normal  condition.  In  eight  other  operated  animals  there  was  a 
peculiar  dirty,  pinkish  coloration  on  the  top  of  the  head  forming  a  V- 
shaped  pattern.  This  appeared  about  four  months  after  the  operation 
and  upon  animals  in  poor  condition,  and  persisted  until  death.  In 
other  animals,  chiefly  in  those  operated  animals  which  received  kidney, 
the  hair  disappeared  completely  in  large  irregular  patches  about  the 
body.  As  time  went  on  this  condition  grew  worse.  Seven  of  the 
operated  rats  became  blind  in  one  eye  and  two  blind  in  both  eyes.  Of 
these  one  was  in  the  pituitary  group  and  the  others  in  those  receiving 
normal  diet.  Blindness  has  frequently  been  described  in  connection 
with  pituitary  disorders. 
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The  reBults  of  the  present  series  of  experiments  show: 

1.  That  the  effect  of  administration  of  anterior  lobe  of  the  pituitary 
to  thyroidectomized  rats  tends  to  prolong  life  and  to  accelerate  growth. 
This  confirms  the  results  stated  in  the  previous  paper. 

2.  That  pituitary  feeding  also  noticeably  increases  the  rate  of  growth 
in  normal  rats. 

3.  Anterior  lobe  seems  to  exert  more  influence  upon  the  growth  of 
the  normal  males  than  that  of  the  normal  females. 

The  writer  wishes  to  express  his  gratitude  and  appreciation  of  Prof. 
S.  S.  Maxwell's  interest  and  advice  during  the  entire  research. 
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It  has  been  found  by  Eddy  (1)  and  other  workers  (2)  that  waters 
soluble  vitamines  can  be  extracted  from  various  animal  tissues.  A 
study  was  made  in  this  laboratory  to  asoertain  whether  the  thyroid 
gland  contains  these  substances  and  what  physiological  action,  if  any, 
they  possess. 

I.  EFFECT   OF   EXTRACT    ON    POLrNEUBITlC    PIGEONS 

Fresh  glands  were  ground  in  a  meat  chopper  and  extracted  with  95 
per  cent  alcohol  made  0.8  per  cent  acid  with  HCl.  To  1000  grams  of 
the  chopped  glands  were  added  2  liters  of  the  acid  alcohol.  The  jars 
containing  the  material  were  shaken  in  a  shaking  machine  for  two  or 
three  hours,  and  allowed  to  stand  forty>eight  to  seventy-two  hours. 
The  extract  was  filtered,  the  bulk  of  the  alcohol  distilled  off  and  the 
residue  evaporated  to  dryness  before  an  electric  fan.  The  dry  residue 
was  dissolved  in  hot  water,  filtered,  evaporated  to  dryness  a  second 
time  and  re-dissolved  in  500  cc.  of  hot  water  and  filtered.  This  filtrate 
was  a  dark  brown  solution,  yielding  a  positive  reaction  with  Biuret  and 
Millou  reagent,  and  a  strong  deep  blue  color  with  the  special  phospbo- 
tungstic  acid  reagent,  the  color  reaching  its  maximum  density  after 
standing  from  two  to  three  hours.  One  cubic  centimeter  of  the  extract 
contained  0.05  mg.  of  iodine  and  0.435  per  cent  of  nitrogen.  Later 
attempts  to  isolate  the  vitamine  fraction  failed  to  separate  it  from  the 
one  containing  iodine.  The  vitamine  quality  of  the  extract  was  studied 
by  the  curative  effects  on  polyneuritic  pigeons  and,  as  a  control  on  the 

■  From  the  Johnaton  Livingston  Fund  for  Experimental  Therapeutics. 


,v  Google 


102  _/    .-.  ■.  EUILT  C.   SEAMAN 

effect  of  tlfcl^Hine  content,  the  "residue"*  as  prepared  in  the  labora- 
tory Vfas  'tued  in  corresponding  doses.    In  every  case  the  residue 
fajl<3(j  iji  produce  any  curative  effect  on  the  polyneuritic  pigeons, 
'  dediaAetrating  that  it  was  not  the  iodine  content  which  produced 
,  results.    The  extract  -showed  rapid  and  marked  curative  properties  in 
'  every  case  in  which  the  whole  extract  was  used.    Separate  extracts 
from  different  lots  of  glands  were  made.    It  was  found  when  the  same 
proportions  of  glands  and  acid  alcohol  were  used  that  the  final  solution 
was  not  always  of  the  same  strength.    This  strength  was  standard- 
ized according  to  the  iodine  content  and  the  final  solution  either  evap- 
orated or  diluted  until  1  cc.  contained  0.05  mgm.  of  iodine.    There  was 
a  slight  variation  in  the  nitrogen  content. 
The  extract  was  divided  into  four  portions: 

a.  The  extract  used  as  a  whole, 

b.  Precipitation  by  phosphotungstic  acid  to  isolate  vitamine  fraction 
after  the  method  of  Funk. 

c.  Extract  treated  with  Lloyd's  reagent  and  dry  powder  used. 

d.  Portion  reserved  for  experiments  on  metamorphosis  of  tadpoles. 

Results 

The  whole  extract  when  used  on  polyneuritic  pigeons  gave  marked 
and  rapid  curative  results.  The  extract  which  had  been  treated  with 
phosphotungstic  acid,  barium  sulphate,  mercuric  chloride  and  HiS, 
as  outlined  by  Funk  and  Eddy  (1),  gave  no  results  in  any  case.  The 
administration  of  the  powder,  obtained  after  shaking  the  extract  with 

*  The  thyroid  "reBidue,"  as  described  in  a  previous  communication  from  this 
laboratory,  is  the  non-coagulable  portion  of  a  sliebtly  alkaline  extract  of  the 
glands  after  the  Qucleo-proteias  have  been  removed.  The  hashed  fresh  glands  are 
extracted  for  twenty-four  hours  at  room  temperature  in  tap  water  made  faintly 
alkaline  with  NaOH.  After  strainiDg  through  cheese-cloth,  the  filtrate  is 
treated  with  10  per  cent  acetic  acid  to  precipitate  the  nucleop  rote  ins.  The  acid 
filtrate  is  heated  to  boiling  to  remove  the  acid  heat-coagulables;  the  filtrate 
from  this  made  alkaline  and  again  brought  to  boiling  and  filtered.  This  filtrate 
is  neutralized  and  concentrated  until  1  cc.  of  the  filtrate  contains  0.05  mg.  of 
iodine.  This  thyroid  "residue"  produces,  when  injected  into  dogs,  quite  defi- 
nite physiological  reactions.  In  the  stomach  and  pancreas  it  appears  to  stimu- 
late the  [unctions  believed  to  be  performed  by  the  terminals  of  the  gastric  and 
pancreatic  fibers  of  the  vagus  nerve.  A  neutral  alcohol  extract  and  the  acidu- 
lated alcohol  produce  closely  similar  physiological  effects,  but  clinically  the 
acid  alcohol  extract  does  not  seem  as  useful  aa  either  the  neutral  alcohol  extract 
or  the  '  'residue." 
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Lloyd's  ref^nt,  gave  positive  results  but  the  improvement  was  slower. 
The  protocol  for  the  administration  of  the  whole  extract  given  to 
polyneuritic  pigeons  is  as  follows: 

Six  pigeons  were  fed  upon  polished  rice  for  weeks  until  extreme  symp- 
toms of  polyneuritis  occurred.  Two  paeons  were  fed  on  normal  pigeon 
food  and  used  as  controls.  Two  of  the  polyneuritic  pigeons  were  given 
the  "residue"  by  mouth  in  amounts  corresponding  to  the  iodine  con- 
tent of  4  cc,  of  the  extract.  In  both  cases  no  curative  effect  was  pro- 
duced in  twenty-four  hours  after  three  doses  of  the  residue.  One 
pigeon  who  received  only  the  residue  died;  the  second,  who  received 
the  residue  and  later  the  extract,  survived. 

With  the  four  pigeons  which  were  given  the  extract  marked  improve- 
ment was  seen  within  six  hours;  demonstrating  quite  conclusively  that 
the  extract  possessed  curative  properties  for  polyneuritic  paeons 
which  the  residue  at  this  time  did  not  i 


Pigeon  I.  (Vitamine  eitract).    Bird  prostrate  in  cage  and  apparently  dying. 
Weight  dropped  from  325  grams  to  296  grams. 
February  23,  10:00  a.m.    4  cc.  extract  by  mouth 

2:00  p.m.    Feathers    smoother,    bird    moving    head,    and    eyes 

brighter;  2  cc.  of  extract  by  mouth 
5:00  p.m.    Bird  crouched  on  legs,  still  unable  to  staad;  2  cc. 
extract  given  by  mouth 
February  24,    9:00  a.m.    Walked  strongly  about  cage;  4  cc.  extract  given  by 
mouth 
2:00  p.m.    Bird    apparently    normal;    flics    across    cage.    When 
placed  on  floor  of  room,  able  to  walk  but  totters  a 
little  after  a  dozen  steps;  4  cc.  extract  given  by 
mouth 
February  26,    9:00  a.m.    Bird  walked  strongly  about  floor  of  room.    Doeage 
discontinued 
Pigeon  11.   (Vilamine  extract) 
February  25.  Weight  dropped  from  300  grams  to  233  grams.    Marked  symptoms 
of  paralysis. 
11 .00  a.m.    3.5  cc.  of  extract 

4:50  p.m.    Bird  raising  itself  on  legs  if  touched;  2  cc.  extract  given 
by  mouth 
February  26,  10:00  a.m.    Marked   improvement;   bird    perched   on   food   pan, 
feathers  smooth  and  bird  apparently  normal.    No 
further  doa^e 
March       15.  Bird  in  good  condition,  flies  and  walks  strongly.    Put  back  on 
normal  food 
Pigeon  111.  (Vitamine  exlraet) 
February  25.  Weight  dropped  from  257  grams  to  221  grams.    General  paralysis. 
11 :00  a.m.    2  cc.  extract  given  by  mouth 
4:.'iO  p  m.    4  cc.  extract  fiveu  by  mouth 
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Februarj'  26,  10:00  a.m.    Marked  improvcmeot;  2  cc.  extract  given  by  mouth 

3:00  p.ra.     Bird  normal;  2  Cc.  extract  given  by  mouth 
February  27.  Bird  in  such  good  condition,  doeage  discontinued 

Pigeon  IV.   {Vilamine  extract) 
February  27.  Weight  dropped  from  295  grama  to  213  grams.    Total  paralysis. 
9:00  a.m.    4  cc.  extract  given  by  mouth 

2:00  p.m.    Bird  crouched  on  lege,  unable  to  stajid;  2  co.  extr&ct 
given  by  mouth 
February  28,    9:00  a.m.    Bird  walking  about  cage ;  2  cc.  extract  given  by  mouth 
March  1.        Bird  walks  strongly  with  head  erect 

9:00  a.m.    2  cc.  extract  given  by  mouth 
2:00  p.m.    Bird  normal;  dosage  discontinued 
Pigeon  V.  (Residue) 
February  26.  Weight  dropped  from  312  grams  to  241  grams.    Extreme  symptoms 
of  polyneuritis. 
10:00  a.m.    4  cc.  residue  given 
February  27,    9:00  a.m.    Bird  dead 
Pigeon  VI.  (lif/iidue  and  extract) 
March  1.        Weight  dropped  from  297  grams  to  231  grams.    Extreme  symptoms 
of  polyneuritis, 
9:00  a.m.    4  cc.  residue  given  by  mouth 

No  results;  2  cc.  residue  by  mouth 

No  improvement;  2  cc.  residue  by  mouth;  4  cc.  extract 

given  by  mouth 
Bird  living  and  crouched  on  legs;  2  cc.  extract  given 
2  cc.  extract  given 

Bird  improved  but  totters  about  cage 
2  cc.  extract  given 

Bird  tottering  about  cage;  decidedly  improved  but 
not  normal;  4  cc.  extract  given 
2:00  p.m.    Bird  walking  normally;  2  cc.  extract  used. 
Note,    This  bird  never  regained  its  normal  vigor.    It  continued  to  improve 
and  walked  and  flew  about  its  cage  but  much  of  the  time  remained  crouched 
down.    After  ten  days  it  was  put  back  on  normal  food,  but  even  then  showed 
less  vitality  than  the  other  birds. 


March  2. 


March  3. 


2:00  p.m 
5:00  p.m 


11:00  a.n: 


5:00  p.n 


Conclusions 

From  the  above  experiment  with  polyneuritic  pigeons  it  was  demon- 
strated that  the  water  extract  from  the  thyroid  glands  made  by  95 
per  cent  alcohol  made  0.8  per  cent  acid  with  HCl  possessed  the  same 
curative  property  which  has  been  attributed  to  water-aoluble  vitamines. 
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II.  EFFECT  OP  ACID  ALCOHOLIC  THYROID  EXTRACT  OH  KETAUORPHOSIS 
OF   TADPOLES 

It  has  been  found  by  Gudematsch  (3)  and  others  that  the  meta- 
morphosis of  young  tadpoles  is  hastened  by  feeding  thyroid  glands. 
Gudematsch  found  that  feeding  the  whole  gland  produced  the  hind 
legs  in  nine  days  after  feeding,  and  the  fore  legs  two  days  later.  When 
these  thyroid-fed  tadpoles  put  out  their  anterior  limbs  and  began  to 
shorten  their  tails,  they  were  eighteen  to  twenty  days  old.  Swingle 
(4)  obtained  similar  results  by  feeding  iodoform,  potassium  iodide  and 
iodine  crystals.  His  most  rapid  results  were  obtained  from  the  iodine 
crystals,  limb  buds  appearing  "in  a  few  days."  More  tardy  results 
were  obtfuned  with  iodoform  and  potassium  iodide. 

It  is  claimed  by  Swingle  and  other  workers  that  iodine  is  the  active 
principle  which  hastens  the  metamorphosis  of  tadpoles,  and  this  theory 
is  generally  accepted.  In  the  following  experiments  done  in  this 
laboratory  with  the  acid  alcoholic  extract,  controls  were  made  with 
iodine  crystals,  potassium  iodide,  thyroid  nucleoprotein  and  the  thy- 
roid "residue"  in  amounts  with  corresponding  iodine  content. 

Rana  pipiens,  approximately  15  mm.  in  length,  were  used  and  kept 
in  tap  water  which  was  chained  every  day.  To  the  fresh  water  were 
added  the  various  substances  in  doses  corresponding  to  0.10  mg.  of 
iodine  a  day.  Each  jar  contained  fifteen  or  twenty  tadpoles  and  the 
experiments  were  repeated  four  times.  A  total  of  not  less  than  sixty 
t«dpole8  was  used  for  each  substance,  but  out  of  this  number  at  least 
fifteen  died  before  complete  metamorphosis.  By  far  the  most  rapid 
results  were  obtained  with  the  thyroid  extract  prepared  by  extracting 
the  glands  with  95  per  cent  alcohol  made  0.8  per  cent  acid  with  HCl. 
as  described  in  part  I,  and  which  proved  to  have  the  property  of  water- 
soluble  vitamines.  The  limb  buds  appeared  within  eight  hours,  and 
complete  metamorphosis  with  the  bulging  eyes  and  disappearance  of 
the  tail  witMn  four  days.  By  the  time  complete  metamorphosis  had 
occurred  in  these  specimens,  only  slight  signs  of  limb  buds  appeared 
in  the  specimens  treated  with  the  iodine  crystals,  and  no  change  oc- 
curred in  the  specimens  fed  the  other  substances.  Negative  results 
were  obtained  with  the  nucleoprotein  and  "residue,"  after  continuing 
the  feeding  nearly  three  weeks.  As  the  "residue"  and  alcoholic  extract 
contained  the  same  amount  of  iodine  (1  cc.  containing  0.06  mg. 
iodine)  and  no  results  were  obtained  with  the  residue  or  nucleoproteins, 
it  is  evident  that  the  iodine  content  alone  is  not  the  only  factor.    It  is 
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P'ig.  1.  Less  than  twenty-four  hours  Fig.  5.  Four  days 

Fig.  2.  Thirty-six  hours  Fig.  6.  Five  days 

Fig,  3.  Forty-eight  hours  Fig.  7.  Control 

Fig.  4.  Three  days  GoOqIc 
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very  probable  that  the  icxline  of  the  thyroid  gland  persists  in  more 
ih&B  one  combination.  The  alcoholic  extract  may  have  contained, 
and  according  to  Kendall  (5)  did  contain,  a  substance  not  present  in 
the  residue,  but  Kendall  did  not  obtain  any  such  rapid  results  in  the 
metamorphosis  of  tadpoles  after  feeding  them  "thyroxin"  as  took  place 
with  this  alcoholic  extract. 

The  following  table  represents  the  condition  of  the  specimens  when 
the  experiment  was  performed  on  tadpoles  approximately  ten  days 
after  development  from  the  egg.  All  the  specimens  did  not  develop 
in  exact  uniformity  of  time,  there  being  a  lag  of  four  to  six  hours  "in 
some,  but  all  showed  complete  metamorphosis  by  the  end  of  the  fourth 
day, 

Todie  of  retulta 


.„„ 

co^.<.. 

c«.„.„ 

P 

li 

1 

-— — 

12 
36 
48 

72 

W 

Growth 

No  increase 

in  growth 

Limb  buds 

Appearance  of  lirob  buds 

Growth  of  legs 

Emaciation  begun . 
Growth  stopped 

Tail    beginning  to   disap- 
pear 

Complete  metamorphosis 

See  figures. 

Effect  of  age  on  melamorphosia 

The  above  experiment  was  repeated  with  four  sets  of  tadpoles  of  the 
same  age  but  hatched  from  e^s  procured  from  different  stores.  The 
results  were  the  same  in  each  experiment. 

When  the  experiment  was  repeated  two  weeks  later,  when  the 
tadpoles  were  a  month  old,  the  development  was  sUghtly  retarded, 
complete  metamorphosis  occurring  not  later  than  six  days.  In  the 
experiment  with  tadpoles  two  months  after  they  had  been  hatched, 
complete  metamorphosis  took  place  within  ten  days.  Fewer  specimens 
died  when  the  older  tadpoles  were  used. 


GENERAL   CONCLUSIONS 


It  has  been  found  that  the  thyroid  gland,  as  well  as  other  tissues  of 
the  body,  contains  water-soluble  \-itamines,  the  property  being  demon- 
strated by  the  curative  action  on  polyneuritic  pigeons. 
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It  was  also  found  that  the  acid  alcoholic  extract  bad  a  marked 
accelerating  action  on  the  metamorphosis  of  tadpoles,  the  most  rapid 
development  occurrii^  in  specimens  two  weeks  after  they  had  been 
hatched,  and  slightly  slower  development  as  the  ^e  increased. 
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INTHODDCnON 

The  work  herein  reported  was  taken  up  in  response  to  suggestions 
niade  by  the  Sub-Committee  on  Shock  of  the  Committee  on  Physi- 
ology, National  Research  Council.  Since  the  question  of  acidosis  as  a 
factor  in  shock  became  of  such  general  interest,  it  seemed  desirable  to 
devote  attention  first  to  this,  and  leave  for  further  consideration  other 
factors,  perhaps  of  equal  importance.  Hence  this  paper  will  be  con- 
fined to  the  presentation  of  such  data  as  have  been  accumulated  in 
this  laboratory  with  regard  to  the  alkaU  reserve  in  shopk. 

Attention  was  first  directed  to  the  possible  r61e  of  acidosis  in  the 
condition  of  shock  by  the  claim  of  Spiro  (1)  in  1902  that  the  admin- 
istration of  hydrochloric  acid  to  rabbits,  or  the  intravenous  injectioQ 
of  sodium  hydrogen  phosphate  in  dogs,  was  followed  by  "shock" 
effects.  Howell  (2)  stated  in  1903  that  the  intravenous  injection  of  a 
0.5  per  cent  sodium  carbonate  solution  had  a  beneficial  effect  upon 
animals  in  shock  but  took  the  view  (3)  that  this  was  due  primarily  to 
its  action  upon  the  heart.  Apparently  the  question  of  its  neutralising 
effects  did  not  enter  into  consideration.  Dawson  (4),  using  sodium 
bicarbonate  after  hemorrhage,  reached  the  same  conclusion.  Seelig, 
Tiemey  and  Rodenbaugh  (5)  using  repeated  small  injections  of  sodium 
acid  phosphate,  stated  that  they  were  able  to  bring  about  a  condition 
of  rather  profound  shock  in  dogs,  aa  judged  by  blood  pressure  readii^. 
On  the  other  hand,  intravenous  injections  of  sodium  bicarbonate  proved 
of  decided  benefit  to  animals  in  shock,  but  the  authors  judged  that  it 
acted  directly  upon  the  heart  muscle.  Yandell  Henderson  in  1910  (6) 
stated  it  to  be  his  belief  that  the  fatally  rapid  transudation  of  fluid 
from  the  veins  in  shock  was  due  to  the  action  of  acidosis  bodies  upon 
the  proteins  of  the  tissues,  causing  them  to  imbibe  water.     He  admitted 
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that  the  process  was  probably  very  complex.  Crile  attempted  to  show 
in  1915  (7)  by  histological  methods  that  the  effects  of  the  injection  of 
sodium  acid  phosphate  upon  brain,  liver  and  adrenal  cells  were  in  all 
respects  similar  to  those  found  after  death  from  surgical  shock,  and 
that  such  post-operative  lesions  could  be  prevented  by  the  previous 
injection  of  sodiim:i  bicarbonate.  He  declared  (8)  that  the  bases  of 
the  body  are  in  many  cases  exhausted  by  acid  products  developed 
during  operations  and  recovery  thereby  re«dered  impossible.  Corbett 
however  (9)  was  unable  to  demonstrate  any  increase  in  urinary  ammonia 
during  traumatic  shock,  nor  any  increase  in  the  hydrogen  ion  concen- 
tration of  the  blood,  and  concluded  that  the  relation  of  acidosis  to  shock 
was  not  clear. 

At  the  time  this  work  was  begun,  Cannon  (10)  had  stated  in  an  in- 
formal memorandum  to  the  Committee  on  Phj'siology  of  the  National 
Research  Council  that  "it  is  probable  that  the  acidosis  is  causally  re- 
lated to  the  clinical  condition  presented  in  shock.  .  .  Arterial  pres- 
sure falls  (vascular  walls  relax  and  cardiac  contractions  become  less 
vigorous),  when  acid  is  injected  experimentally  into  the  blood  vessels." 
Furthermore  "a  fairly  close  inverse  relation  exists  between  the  degree 
of  acidosis  and  the  height  of  the  arterial  blood  pressure — the  more 
marked  the  aci^dosis  the  lower  the  pressure"  and  "as  the  d^ree  of 
acidosis  increases  the  general  condition  of  the  patient  becomes  worse 
— the  greatest  degree  is  found  near  death." 

Early  in  the  next  year  Cannon  (11)  reported  work  undertaken  with 
Bayliss  which  seemed  to  show  that  "if  the  alkaline  reserve  is  dimin- 
ished by  very  slow  injection  of  acid  (N/2  HCl)  into  a  vein,  there  is  a 
fall  of  blood  pressure  to  the  shock  level  after  the  alkali  reserve  reaches 
a  certain  critical  point  (38  per  cent  in  the  cat).  .  .  .  Bruiung  or 
mashing  the  muscles  of  the  hind  legs  is  followed  by  a  progressive  fall 
in  alkali  reserve,  and  when  the  critical  point  is  reached  the  blood  pres- 
sure falls  to  the  shock  level."  However  in  attempting  to  repeat  the 
experiments  with  acid  Bayliss  (12)  was  unable  to  obtain  ihe  fall 
"except  in  cats  obviously  unhealthy." 

Basing  his  assumptions  upon  this  previous  work  Cannon  (13)  sug- 
gested that  an  excessive  production  after  wounds  of  some  acid  metab- 
olite and  its  distribution  through  the  circulation  might  cause  dilatar 
Uon  of  the  blood  vessels,  excessive  lymph  formation  in  all  parts  of  the 
body  and  thus  bring  on  exemia  or  shock.  Similarly  Henderson,  Prince 
and  Haggard  (14)  found  that  the  carbon  dioxide  capacity  of  the  wh<^e 
blood  could  be  greatly  reduced  by  shock  procedures  and  ventured  the 
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opinion  that  the  acidosis  of  shock  and  of  ether  anesthesia  is  compensa- 
tory to,  or  a  result  of,  the  acapnia  produced  by  hyperpnoea.  In  his 
first  paper  in  1918  Cannon  (15)  while  still  emphasizing  the  importance 
of  acidosis  in  shock  does  not  assign  to  it  a  causative  r6le,  merely  stating 
that  the  drop  in  alkali  reserve  under  anesthesia  is  greater  the  less  the 
original  margin  of  safety  in  the  individual,  and  that  such  cases  showed 
an  ominous  fall  of  blood  pressure  when  operated,  especially  if  at  the 
time  in  a  state  bordering  upon  shock.  In  subsequent  papers  (16), 
(17)  he  stated  that  "as  the  blood  pressure  falls  there  is  a  loss  of  the 
alkali  reserve  of  the  blood  (acidosis)  roughly  corresponding  to  the  drop 
in  pressure."  In  other  words,  acidosb  had  been  relegated  to  a  position 
of  secondary  importance,  although  Cannon  still  maintained  that  the 
injection  of  sodium  bicarbonate  was  of  prophylactic  value  m  cases  of 
shock. 

Practically  the  same  conclusion  as  to  the  importance  of  acidosis  in 
shock  had  been  reached  indepeudently  by  Guthrie  (18)  and  McEllroy 
(19),  althoi^h  Henderson  and  Haggard  (20),  (21)  stated  that  if  in  dogs 
under  ether  anesthesia  "the  level  of  COi  and  alkali  is  reduced  below 
the  critical  value  lying  between  33  and  36  volumes  percent  of  COj, 
a  condition  of  general  depression  of  all  functions  results.  ...  If 
the  marked  resistance  to  further  depletion  of  the  carbon  dioxide  capa- 
city, which  occurs  at  the  critical  level,  is  broken  down  and  the  COj 
capacity  furi:her  reduced,  the  result  is  a  condition  of  vit-a!  depresaon 
from  which  the  subject  does  not  spontaneously  recover.  This  condi- 
tion may  be  termed  acapnial  shock."  A  low  cattion  dioxide  capacity 
they  regard  as  one  of  the  definite  criteria  of  shock.  Subsequently 
Gesell  (22)  has  shown  that  after  either  hemorrhage  or  visceral  trauma, 
the  reduction  in  the  alkali  reserve  of  the  blood  tends  to  be  compensated 
for  by  a  transfer  of  alkali  from  the  tissues,  and  that  the  injection  of 
N/2  HCl  into  normal  animals  is  followed  by  indications  of  cardiac 
failure  following  a  rise  in  arterial  blood  pressure.  In  this  case  also 
there  is  a  passage  of  alkali  from  the  tissues  into  the  blood,  so  that  suc- 
cessive doses  of  acid  become  less  efficient  in  lowering  the  alkaU  reserve- 
Likewise  Gasser  and  Erlanger  (23)  state  that  the  alkah  reserve  does 
not  show  a  sharp  decline  until  after  the  animal  is  in  a  relatively  advanced 
stage  of  shock,  and  that  the  reduced  COj  capacity  is  the  result,  and  not 
the  cause  of  the  fall  in  the  arterial  pressure. 
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CRITERIA  OF  SURQICAL  BHOCE 

Although  the  criteria  for  Burgical  Bbock  are  well  established  and 
quite  generally  recognized,  most  of  the  workers  in  the  problem  have 
shown  a  tendency  to  set  some  certain  arterial  blood  pressure  as  the 
shock  level,  so-called,  and  to  use  this  aa  a  basis  for  determining  at 
what  time  the  animal  passes  into  a  state  of  shock,  and  to  what  degree. 
That  the  level  of  arterial  pressure  may  be  quite  high  when  an  animal 
is  in  true  shock,  and  that  the  converse  may  just  as  readily  be  true,  was 
pointed  out  by  Meltzer  (24)  in  1908.  This  conception  is  given  addi- 
tional emphasis  by  Mann  (25).  He  proposes  as  criteria  of  shock  the 
following  signs,  which  have  become  generally  adopted:  a,  loss  of  sen- 
sibility; 6,  pallor  of  the  mucous  membranes;  c,  small,  weak  pulse;  d,  ir- 
regular, rapid,  shallow  or  gasping  respiration;  and  e,  markedly  lowered 
blood  pressure  (one-third  to  one-fourth  of  original  level). 

In  view  of  the  uncertainty  as  to  what  really  constitutes  a  shock  level 
of  blood  pressure,  it  seemed  desu^ble  on  the  whole  to  adopt  these 
criteria  as  being  the  most  satisfactory  we  possess,  and  in  the  experi- 
ments described  in  this  paper  they  were  constantly  used  in  deciding 
whether  or  not  the  animal  was  in  true  shock.  More  emphasis  was 
placed  upon  the  first  s^  than  upon  the  others,  and  in  addition  it  was 
found  that  Guthrie's  respiratory  sign  (26)  often  proved  of  value.  This 
consists  in  a  markedly  prolonged  inspiratory  pause,  and  while  not 
always  present,  b,  when  it  appears,  a  reliable  index,  marking  the  begin- 
ning of  the  tenninal  respiratory  paralysis. 

EXPERtUENTAL  PBOCEDintB 

Ether  was  used  exclusively  as  the  anesthetic,  being  given  intrstracb- 
eally  and  at  such  rate  that  the  lid  reflex  was  not  abolished  at  any  time 
during  the  experiment.  In  some  experiments  the  patellar  reflex  was 
also  used  as  an  index  of  the  depth  of  narcosis,  although  it  was  evident 
that  it  is  neither  as  sensitive  to  the  effects  of  ether  nor,  in  the  con- 
scious dog,  to  those  of  prolonged  low  blood  pressure,  as  the  lid  reflex. 
Thus  in  one  experiment  without  ether  and  under  local  anesthesia,  it 
was  elicited  after  the  corneal  reflex  bad  disappeared  and  when  the 
heart  was  only  beating  with  each  occasional  inspiration.  That  with 
the  ordinary  equipment  it  was  possible  in  this  way  to  keep  the  effects 
of  the  anesthetic  at  a  mmimnm  is  shown  in  the  protracted  control 
experiments  to  be  described  later. 
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In  order  to  obtain  uuifonn  results  the  dc^  were  not  fed  for  eighteen 
hours  previous  to  the  experimeut.  Such  exceptions  as  occur  are  noted. 
DetermiQatioBB  of  the  alkali  reserve  were  made  by  Van  Slyke's  direct 
method  (27).  The  blood  was  drawn  either  from  the  saphenous  vein 
or,  when  the  dogs  were  under  ether  anesthesia,  from  the  femoral  or 
carotid  artery,  oxalated,  and  inunediately  centrifuged  for  ten  minutes, 
usually  in  a  stoppered  tube.  Precautions  to  prevent  the  escape  of 
carbon  dioxide,  such  as  the  use  of  paraffin  oil,  were  not  taken.  Peters 
(28)  has  stated  that  if  the  blood  is  centrifuged  within  fifteen  minutes, 
the  shifting  of  the  carbonate  into  the  erythrocytes  does  not  occur,  when 
the  surface  of  the  blood  exposed  to  the  air  is  small.  In  every  instance 
the  blood  used  in  these  determinations  was  centrifuged  not  more  tJian 
ten  minut«s  after  being  drawn.  The  plasma  was  saturated  with  alveo- 
lar air  and  analyzed  in  the  usual  manner.  In  a  few  cases  it  was  allowed 
to  stand  over  night  in  the  refrigerator,  but  the  analyses  were  checked 
by  preserving  a  sample  that  had  been  analyzed  beforehand  and  rede- 
termining the  alkali  reserve  the  next  morning.  In  no  case  could  any 
change  be  detected.  The  results  of  the  analyses,  made  in  duplicate, 
were  calculated  to  volumes  per  cent  carbon  dioxide  at  0",  760  mm. 
pressure,  on  the  basis  of  saturation  at  37°C.,  accordii^  to  Van  Slyke's 
formula.  When  parallel  determinations  were  made  on  the  whole  blood 
the  sample  was  divided  into  two  portions,  and  while  one  was  being 
centrifuged  the  other  was  saturated  and  analyzed.  The  reading  so 
obtwned  was  corrected  for  oxygen,  etc.,  by  the  use  of  a  few  drops  of  10 
per  cent  sodium  hydroxide  solution. 

Blood  pressure  and  respiration  were  recorded  in  the  usual  manner. 
In  most  of  the  experiments  shock  was  induced  by  a  uniform  technic, 
essentially  that  adopt«d  by  all  workers  in  the  geld.  After  the  blood 
pressure  had  reached  a  fairly  stationary  level,  the  abdomen  was  opened, 
the  ether  discontinued,  the  intestmes  removed  and  handled  gently  and 
continuously  for  fifteen  minutes.  Whereupon  the  guts  wei«  at  once 
replaced  and  the  abdomen  closed  securely  with  hemoatatfi.  From  this 
point  on  the  animal  was  kept  warm,  either  by  an  electric  light  or  by  a 
heating  pad,  in  order  to  eliminate  the  factor  of  lowered  body  tempera- 
ture. If  after  a  certain  lapse  of  time,  preferably  an  hour,  the  blood 
pressure  showed  no  permanent  lowering,  another  fifteennninute  period 
of  trauma  was  resorted  to  as  before.  Occasionally  the  trauma  had  to 
be  repeated  several  times  before  the  animal  showed  any  indication  of 
shock;  but  except  in  one  or  two  of  the  earlier  experiments,  the  intes- 
tines were  always  replaced  and  not  allowed  to  lie  exposed  to  the  air. 
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By  closing  the  abdomen  the  degree  of  trauma  can  be  much  more  accu- 
rately gauged,  and  there  is  furthermore  no  interference  with  the  muscles 
of  respiration. 

In  highly  resistant  animals  there  was  sometimes  resort  to  traction  on 
the  kidney,  trauma  to  the  Uver  or  to  the  urinary  bladder.  These 
measures,  especially  the  first,  always  caused  a  great  disturbance  in 
Wood  pressure.  Such  measures  as  clamping  the  inferior  vena  cava, 
occlmion  of  the  portal  system  or  of  the  abdominal  aorta  (29),  (30), 
(31),  seemed  unnecessarily  severe  and  wore  not  used.  Moderate  trauma 
to  the  intestines  in  the  manner  described  is  sufficient  to  produce  what 
appear  to  be  the  main  clinical  signs  of  shock,  and  the  method  can  be 
controlled  with  fair  accuracy. 

In  five  of  the  experiments  the  procedure  described  above  was  followed, 
except  that  the  entire  gut  was  inflated  with  moist  air  at  40''C.  to  a  pres- 
sure somewhat  above  the  systolic  blood  pressure  for  a  period  of  ten 
minutes.  Pive  minutes  were  allowed  for  t^'ing  off  the  stomach  and 
rectum,  inserting  the  cannula  in  the  caecum,  and  for  deflating  the  gut 
and  replacing  it  in  the  abdominal  cavity.  The  guts  were  kept  covered 
with  hot  towels  throughout  the  entire  period.  This  method  is  by  far 
the  most  satisfactory  of  any  that  were  tried,  and  makes  it  possible  to 
control  the  degree  of  trauma  with  almost  quantitati\'e  accuracy.  By 
abolishing  the  circulation  in  the  gut,  aEph\'xia  of  the  vessel  walls  and 
probably  of  the  smooth  muscle  cells  is  set  up,  yet  on  the  other  hand 
the  trauma  is  not  so  severe  as  to  alx>lish  the  myenteric  reflex.  This  is 
a  very  desirable  feature,  since  it  is  doubtful  if  operative  procedures  in 
man  ever  completely  do  away  with  the  reflex. 

In  seven  experiments  the  method  of  Mann  (32)  was  followed  in  in- 
ducing shock.  All  the  structures  in  each  limb  with  the  exception  of 
the  supplying  artery  were  tied  off  with  iron  wire  ligatures.  In  this 
method  the  trauma  is  continuous  throughout  the  experiment,  but  is 
possibly  less  severe  than  that  involved  in  the  foregoing  procedures. 
Hence  it  is  easier  to  follow  the  course  of  shock,  and  in  this  respect  the 
method  possesses  certain  advantages.  ' 

TYPES  OF  SHOCK 

Naturally,  if  it  is  desired  to  compare  the  susceptibihty  of  animals  to 
trauma  under  various  conditions,  some  certain  basis  for  comparison 
must  be  found.  By  many  workers  in  the  problem  the  shock  level  of 
ayterial  blood  pressure  has  been  set  at  50  mm.  of  mercury.    But  since 
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this  figure  is  admittedly  arbitrary,  and  since  its  adoption  is  not  uni- 
versal, it  seemed  inadvisable  to  compare  the  resistance  of  animals  to 
trauma  on  the  basis  of  the  length  of  time,  after  beginning  shock  proce- 
dures, that  the  blood  pressure  remained  above  this  level.  As  the  only 
alternative  it  was  necessary  to  select  as  a  criterion  of  susceptibiUty  the 
survival  lime  of  the  animal,  that  is,  the  length  of  time  it  remained  alive 
under  the  conditions  of  the  experiment,  after  beginning  traiunatisation. 

Using  this  as  a  basis  it  was  found  that  the  animals  studied  fell  into 
four  general  classes,  that  is,  there  were  in  all  four  types  of  shock,  so- 
called.    These  were  as  foUows: 

Type  I.  With  one  or  two  exceptions,  in  the  dogs  showing  this  type 
of  shock,  only  one  fifteen-minute  period  of  trauma  was  needed  to  set 
up  a  serious  condition.  Of  a  total  of  thirty-one  do^,  five,  or  16.1  per 
cent,  showed  type  I. 

Mnximum  survival  time 2  hours,  10  minutes 

Minimum  mirvival  time 0  hour,    S2  minutes 

Mean 1  hour,    27  minutes 

Type  II.  D<^  showing  this  type  of  shock  had  to  be  given  two 
fifteen-minute  periods  of  traiuna,  but  not  more.  Ideally  these  two 
periods  should  have  been  an  hour  apart,  but  this  rule  could  not  be 
followed  i-ery  closely.  When  shock  was  produced  by  Mann's  method 
(see  above)  the  trauma  was  of  course  continuous.  However  I  have 
included  two  of  the  dogs  so  traumatized  in  this  class,  since  the  survival 
time  of  each  was  found  to  lie  within  the  proper  limits.  Of  a  total  of 
thirty-one  dogs,  eight,  or  25.9  per  cent,  showed  type  II. 

Maximum  survival  time 2  hours,  47  minutes 

Minimum  survival  time 1  hour,    20  minutes 

Mean 2  hours,    9  minutes 

It  will  be  seen  that  type  I  and  type  II  overlap  somewhat  and  tliat 
the  distinction  between  the  two  is  in  a  measure  arbitrary.  This  how- 
ever is  not  the  case  with  the  last  two  types,  which  are  clearly  set  off 
from  the  first  two  and  from  eadi  other. 

Type  III.  In  this  type  are  included  the  d(^  which  required  as  a 
rule  more  than  two  periods  of  trauma  to  seriously  alter  their  condition. 
Of  a  total  of  thirty-one  dogs,  thirteen,  or  41,9  per  cent,  showed  type 
in.  This  includes  three  dogs  traumatized  by  ligating  the  four  limbs. 
All  of  these  dogs  died  in  true  shock  except  one  (exper.  90)  which  died 
of  accidental  hemonrha^.     However  this  dog  showed  the  same  rate 
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of  fall  of  blood  pressure  ss  the  others  in  this  class,  previous  tohemor- 
rhage,  and  so  it  is  included  witb  them. 

Maximum  BUTVJval  time 5  hours,  32  miautcs 

Minimum  Burvivctl  time 2  hours,  56  miautes 

Mean 4  houra,  15  minutes 

Type  IV.  Since  the  dogs  m  this  class  did  not  show  typical  shock, 
it  is  perhaps  a  mianomer  to  charact«me  this  as  one  of  the  four  types. 
However  for  the  purpose  of  convenience  this  misnomer  will  be  allowed 
to  stand.  Of  a  total  of  thirty-one  dogs,  five,  or  16.1  per  cent,  showed 
tj-pe  IV.    This  includes  two  dogs  traumatized  by  Mann's  method. 

Maximum  survival  time 7  hours,  52  minutes 

Minimum  survival  time 6  hours,  46  minutes 

Mean 7  hours,  15  minutes 

All  of  the  dogs  showing  the  first  two  types  of  shock  gave  a  profound 
fall  in  blood  pressure  within  thirty  minutes  aft«r  beginning  the  initial 
trauma.  I  had  at  first  thought  of  using  the  degree  of  such  fall  aa  a 
criterion  of  susceptibility,  and  of  determining  the  types  of  shock  upon 
this  basis.  But  the  fall  varied  between  such  wide  limits,  2  mm.  to  102 
mm.,  that  this  was  impossible.  Of  the  dogs  exhibiting  type  III  shock, 
all  but  three  showed  a  fall  in  blood  pressure  (2  mm.  to  49  mm.)  thirty 
minutes  after  beginnii^  initial  trauma,  while  these  three  gave  a  rise 
in  pressure  (2  nmi.  to  36  nmi.).  However  on  classifying  the  data  it 
was  found  that,  without  exception,  every  dc^  showing  type  IV  shock 
gave  a  rise  in  pressure  (3  mm.  to  21  mm.)  at  the  end  of  the  thirty-min- 
ute period.  This  seems  very  significant,  even  granting  that  in  type 
III  shock  such  a  rise  of  pressure  may  be  seen.  It  shows  that  some 
notion  of  the  course  of  shock  may  be  obtained  thus  early  in  the  experi- 
ment. This  time  rather  than  some  other  was  chosen  at  which  to  make 
the  observations  on  blood  pressure,  for  the  reason  that  at  this  time 
the  wide  fluctuations  in  blood  pressure  set  up  by  the  trauma  have 
disappeared,  while  general  and  widespread  damage  to  the  circulation 
presumably  has  not  had  opportunity  to  occur. 

The  data  summanzed  above  are  shown  in  graphical  form  in  figure  1. 

In  the  figure  the  heavily  shaded  areas  represent  periods  wherein  the 
intestines  were  traumatized.  In  the  experiments  in  which  the  four 
limbs  were  tied  off  the  block  representing  the  survival  time  is  left 
unshaded.  In  three  such  experiments  where  the  ligatures  were  removed 
before  the  close  of  the  experiment  (indicated  by  the  letter  A  in  the 
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figure)  the  period  after  removal  is  indicated  by  crossHshading.  Further, 
in  those  experiments  trauma  was  considered  to  have  been  begun  when 
l)oth  hind-legs  had  been  ligatured  off  and  before  the  fore-legs  had 
been  ligatured.  In  three  early  experiments  in  which  the  guts  were 
allowed  to  lie  exposed,  such  periods  of  exposure  are  indicated  in  the 
figure  by  the  letter  E.  Prolonged  stimulation  of  the  central  end 
of  the  vagus  is  indicated  by  the  letter  V,  either  in  conjunction 
with  trauma  to  the  viscera,  as  in  experiment  69,  or  alone.  In  experi- 
ment 75  where  the  dog  was  killed  by  such  stimulation  while  the  arterial 
blood  pressure  was  still  123  mm.,  the  fact  is  indicated  by  the  letters  VX. 
The  letter  X,  experiment  66,  indicates  that  the  dog  was  killed  with 
ether  in  order  to  bring  the  experiment  to  a  close.  It  will  be  seen  in 
column  4  of  the  figure  that  the  length  of  the  preliminary  etherization 
period  varied  from  one  hour  or  less  to  more  than  four  hours  and  fifteen 
minutes  in  one  experiment.  However  it  is  improbable  that  this  had 
much  effect  upon  the  siu-vival  of  the  animal  (see  control  experiments, 
table  I,  below). 

Five  experiments  were  perfonned  with  Dr.  A.  C.  Ivy  under  local 
anesthesia,  without  the  use  of  ether,  aseptic  precautions  being  observed. 
Blood  pressure  and  respiration  wore  recorded  in  three  of  these  experi- 
ments; in  all  the  plasma  alkalies,  red  cell  count,  hemq;lobin  and  cor- 
puscle volume  were  determined  at  intervals.  Only  one  of  the  dofrs  was 
strictly  normal.  The  others  had  had  the  vagi  and  spltmchnics  severed 
above  the  diaphragm  and  the  coehac  ganglion  extirpated  under  asepsis 
some  two  or  three  weeks  pre\iously.  However  these  with  one  excep- 
tion have  been  included  in  the  analysis  given  above.  Since  the  experi- 
ments were  few  in  number  it  is  not  proposed  here  to  draw  any  conclu- 
sions from  them  save  as  regards  survival  time. 

THE   ALKAU   RESERVE   IN   NORMAL   DCMJB  NOT  StmJECT  TO   ETHER 

Sixty-eight  determinations  of  the  plasma  alkalies  were  made  on  forty 
.  dogs  not  subjected  to  ether.    The  results  may  be  summarized  as  follows: 

Maximum  alkali  reserve £9.5  volumes  per  ceat  (exper.  6S) 

MiDimum  alkali  reserve 32.4  per  cent  (expera.  4  and  20) 

Mean 43.4  per  cent  (68  determiDations) 

Mean  heart  rate 105 

Mean  respiration. 31 
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The  dog  showing  the  maxiinum  alkali  reserve  had  been  fed. 
In  fourteen  d<^,  eighteen  determinations  were  made  of  the  alkali 
reserve  of  the  whole  blood,  as  follows: 

Maximum  alkali  reserve 55.6  per  cent  (exper.  101) 

Minimum  alkali  reserve 36.6  per  cent  (eicper.  92) 

Mean,  whole  blood 47,0  volumes  per  cent 

Mean  heart  rate 108 

Mean  respiration S3 

None  of  these  dogs  had  been  fed.  What  efFect  feeding  might  have 
on  the  alkali  reserve  was  not  definitely  determined,  but  from  the  data 
in  hand  there  would  seem  to  be  no  intimate  relationship:  that  is,  the 
alkali  reserve  did  not  invariably  increase  after  feeding.  Of  course  this 
would  depend  largely  on  the  character  of  the  food. 

The  figures  given  above  agree  with  those  found  by  Morriss  (33)  for 
plasma,  but  not  with  those  cited  by  McEIboy  (19).  Henderson, 
Prince  and  Haggard  (14)  give  48  volumes  per  cent  as  the  normal 
reserve  of  tJie  whole  blood  in  the  dog. 

THE  ALKALI  RESERVE  IN  DOGS  tTODER  CONTINUOUS  ETHER  ANESTHESIA 

In  determining  the  effect  of  the  anesthetic  upon  the  alkali  reserve, 
arterial  plasma  was  used,  except  in  the  first  two  experiments  where  the 
analysis  was  made  upon  the  plasma  of  venous  blood  throughout.  Al- 
though comparison  is  made  here  between  the  alkali  reserve  of  the  normal 
venous  plasma  and  that  of  the  arterial  plasma  after  etherization,  the 
error  introduced  thereby  is  probably  slight  and  no  doubt  constant. 
The  results  are  given  in  table  1. 

For  the  sake  of  convenience  the  etherization  may  be  divided  into 
four  periods  of  imequal  length,  viz.:  period  1,  first  45  minutes  of  ether 
anesthesia;  period  2,  45  minutes  to  2  hours;  period  3,  2  to  4  hours; 
period  4,  beyond  4  hours.  On  this  basis  the  data  presented  in  the 
following  table  may  be  summarized  briefly  as  follows: 

Period  1.    Fint  4S  minutes  of  ether 

Number  of  determinationa 18 

Maximum  alkali  reaerve 41.0  per  cent  (experiment  43) 

Minimum  alkali  reserve 19 . 8  per  cent  (experiment  54) 

Mean 33.9  volumes  per  cent 

Maximum  fall  from  normal 25.1  per  cent  (experiment  54) 
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Mininniro  fall 1.3  perceot  (experiment  46) 

Mean  fall 10.5  per  cent 

Mean  heart  rate 1S9 

Mean  increase  in  aame 91 

Mean  respiration 64 

Mean  increase  in  same 31 

Period  1,    Eth^,  45  mitiulet  to  I  houri 

Number  of  determinations IS 

Maximum  alkali  reserve 36.3  per  cent  (exper.  30) 

Minimum  alkali  reserve 16.4  per  cent  (see  note  2,  above) 

Mean 28.0  volumes  per  cent 

Maximum  fall  from  normal 34.4  per  cent  (see  note  3,  above) 

Minimum  fall  from  normal 4.0  per  cent  (exper.  30) 

Mean  fall 15.8  volumes  per  cent 

Mean  heart  rate ISl 

Mean  increase  in  same 45 

Mean  respiration 69 

Mean  increase  in  same 26 


Period  S.    Ether,  I  to  i  howe 

Number  of  determinations 5 

Maximum  alkali  reserve 31 .9  per  cent  (exper.  96) 

Minimum  alkali  reserve 19.5  per  cent  (exper.  68) 

Mean 26.1  volumes  per  cent 

Maximum  fall  from  normal 40.0  per  cent  (exper.  6S) 

Minimum  fall  from  normal 13.8  per  cent  (exper.  96) 

Mean  fall 22.5  volumes  per  cent 

Mean  heart  rate 169 

Mean  increase  in  same S3 

Mean  respiration 62 

Mean  increaae  in  same 31 

Period  4.    Ether,  4  Aours  plus 
(See  data  for  experiments  91,  92,  96,  table  1) 

THE  ALKALI  BE8BRVE  IN  DOOB  AFTES  TRAUUA  UNDER  LOCAL  ANESTUE3U. 
NO   ETHER 

The  effects  of  visceral  trauma  upon  the  plasma  alkalies  when  only 
local  anesthesia  was  used  are  summarized  below  in  table  2.  These 
experiments  were  performed  by  Dr.  A.  C.  Ivy  and  the  writer  upon  one 
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TABLE  1 

ShtnciTtf  the  effeelt  of  ether  aneilkeiia  upon  the  alkali  reterve  of  the  -plaima  in  dogs 


HIHT 

.™o» 

*L..U 

FiU.  noH 

^"iSi.. 

■.%T 

.„,.„ 

SSr 

8)-,tdio 

ppcmt 

fwcml 

mn. 

nin. 

' 

Normal 

15  min.  ether 

50.7 
37.6 

13.1 

90 
210 

28 
70 

10 

Normnl 

15  min.  ether 

47.6 
40.4 

7.1 

90 
264 

23 
60 

11* 

Normal 

15  min.  ether 

45.7 
3S.1 

7.6 

98 
248 

28 
60 

46 

Normal 

20  min.  ether 

38.5 
37.2 

1.3 

104 
163 

16 

48 

44 

Normal 

25  min.  ether 

46.8 
36.6 

10,2 

72 
132 

12 
60 

..{ 

Normal 

35  min.  ether 

44.3 
38.1 

6,2 

102 
244 

24 
40 

90 

Normal 

38  min.  ether 

40.9 
30.6 

10,4 

146 

155 

SO 
140 

6 
56 

70 

45  min.  ether 

51,0 
36.2 

14,8 

140 

150 

60 
132 

16 
56 

.   ( 

Normal 

50  min.  ether 

44.9 
30.0 

14.9 

123 

131 

120 
ISO 

24 
64 

29 

'  Normal 
55  min.  ether 

36.6 
23.3 

13,3 

102 

109 

75 
96 

24 
72 

66 

Normal 

55  min.  ether 

61.6 
34.2 

17,4 

.« 

138 

122 

66 

56 

Normal 

56  min.  ether 

37.6 
27.1 

10,5 

Ill 

118 

78 
150 

16 
96 

31 

Normal 

75  min.  ether 

49.4 

28-7 

20.7 

M 

104 

96 
132 

15 
44 
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MENT 

■"■■■■■ 

r*LL  moM 

,j^n^.« 

■  ■ART 

Tioa 

Diu- 
(olio 

Syitolic 

5.^t 

Nonnal 

30  min.  ether 

70  min.  ether 

27.7 
16.4 

ptrcHtl 

( 

) 

204 
174 

44 

84 

30 

Nonnal 
S  min,  ether 
75  min.  elher 

39.3 
30.0 
35.3 

9.3 
4.0 

132 
228 

180 

56 
66 
38 

"1 

Normal 

25  min.  ether 

90  min.  ether 

44,9 
10.8 
28.2 

25.1 
16.7 

115 

124 

108 
180 
144 

20 
52 
76 

38 

Nonnal 

45  min.  ether 

90  min.  ether 

43.0 
31.5 
24.0 

11.5 
19.0 

147 

153 

72 
186 
180 

56 

72 
72 

GO 

Nonnal 

50  min.  ether 

85  min.  ether 

40.0 
34.3 
29.6 

5.7 
10.4 

124 
118 

130 
125 

130 
144 
126 

80 
lOS 
104 

40 

Normal 
10  min.  ether 
109  min.  ether 

39.3 
31.9 

28.2 

7.4 
11.1 

151 

154 

108 
144 
141 

174 
68 
102 

A3 

Nonnal 
45  min.  ether 
150  min.  ether 

44.9 
41.9 
32.8 

3.0 
12.1 

134 

138 

144 
144 
192 

48 
48 
76 

89 

Nonnal 
43  min.  ether 
110  min.  ether 

40.4 
31.9 
26.2 

8.5 
14.2 

109 
109 

121 
125 

120 
140 
150 

20 
72 
68 

14'     1 

Nonnal 
7  min.  ether 
56  min.  ether 
113  min.  ether 

45.3 
28.1 
31.9 
29.0 

17.2 
13.4 
18.3 

102 
192 
162 
168 

20 
92 
88 

76 

67 

Nonnal 
58  min.  ether 
120  min.  ether 
180  min.  elher 

41.0 
29.3 
23,7 
21.4 

12.6 
18.2 
20.5 

92 
91 
55 

06 
97 
59 

132 
132 
180 
180 

35 
56 
38 
&1 
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TABLE  I— Continued 


'^S^ 

.MALI 

FAi^no- 

BLOOD  P 

."^U 

a.A>. 

Bupra«- 

"™"' 

Diu- 

tolic 

SyiloliF 

ptrcnl 

j»r«nl 

»■. 

„m. 

Normal 

59.5 

84 

32 

40  min.  ether 

35.7 

23.8 

98 

104 

G8i 

88  min.  ether 

27.1 

34.4 

59 

69 

132 

84 

145  min.  ether 

19.5 

40.0 

64 

38 

1^ 

52 

205  min.  ether 

22.3 

37.2 

26 

30 

102 

6 

Normal 

51.0 

88 

16 

50  min.  ether 

33.7 

17.3 

128 

131 

124 

40 

112  min 

ether 

30.5 

20.5 

119 

122 

176 

40 

171  min 

ether 

29.0 

22.0 

119 

121 

148 

64 

9] 

230  min 

ether 

31.5 

19.6 

124 

126 

144 

60 

295  min 

ether 

35.3 

16.7 

126 

128 

106 

48 

350  min 

ether 

33.4 

17.6 

119 

122 

120 

58 

490  min 

ether 

26.3 

24.7 

77 

79 

148 

48 

595  min 

ether 

25.4 

25.6 

37 

38 

Dying 

Normal 

43.7 

108 

44 

93  min.  elher 

30.0 

15.7 

108 

118 

120 

40 

213  min 

ether 

28.7 

16.0 

82 

102 

128 

52 

mi 

349  min 

ether 

24.0 

21.7 

94 

100 

128 

52 

422  min 

ether 

26.8 

18.9 

86 

90 

164 

52 

530  min 

ether 

26.8 

IS. 9 

68 

72 

160 

68 

650  min 

ether 

30.9 

14.8 

58 

62 

176 

72 

Normal 

45.7 

120 

28 

60  min.  ether 

34.7 

11.0 

144 

60 

120  min 

ether 

33.8 

11.9 

128 

48 

240  min 

ether 

31.9 

13.8 

160 

76 

96S 

300  min 

ether 

33.8 

11.9 

156 

76 

360  min 

ether 

35.7 

10 .0 

160 

88 

420  min 

ether 

35.7 

10.0 

168 

84 

480  min 

ether 

35.7 

10.0 

184 

92 

GOO  min 

ether 

31.9 

13.8 

100 

120 

•  Experiments  9, 10, 11, 12  and  14  performed  on  the  same  doR. 
t  Effects  of  over-etheriifttion  shown  in  experiment  65. 
t  Accidental  hemorrhage  in  experiment  68. 

I  Experiments  92  and  96  were  aseptic  ether  controls  performed  with  Mr.  C. 
F.  G.  Bron-Q  assisting.     Both  dogs  lived  12  hours  after  concluding  the  experiment. 
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Qorm&l  dog  and  upon  four  dogs  that  had  had  ^e  splaochnics  and  vagi 
sectioned  in  the  thorax  and  the  coeliac  ganglion  evulsated.  The 
iq>erations  were  performed  aaeptically  two  to  three  weeks  previot)s  to 
the  time  &t  which  the  experiments  were  conducted,  and  the  dogs  had 
recovered  completely. 


Sh/ncing  the  effect*  of  ritceral  trauma  upon  the  alkali  reserve  of  the  pkuma  if 
Local  antsthelic,     tfo  ether 


,xP«.M»r 

AvrAu 

,.u. 

■LOOD 

HEART 

».». 

BODT 

"■'""' 

RUCBVK 

""-""■ 

■*""" 

''"■?" 

ptrtunl 

ptrem 

mm. 

•c. 

78          / 

Normal 

41.9 

96 

186 

16 

37.0 

Typel       I 

46  minutes* 

32.4 

9.5 

60t 

60 

12 

39.1 

77 
Type   111 

Normal 

40.9 

116 

32 

39.6 

57  minutes' 

35.3 

5.6 

162 

26 

39.7 

120  minutes' 

23.0 

17.9 

+ 

156 

20 

39.0 

79 
Type  n 

Normal 

40.0 

124 

80 

14 

39.1 

S3  minutes* 

25.8 

14.2 

4S 

144 

34 

38.7 

fl3  minutes* 

22.1 

17.9 

42t 

124 

20 

38.6 

f 

Nonnal 

37.2 

164 

140 

12 

38.3 

80 

33  minutes* 

30.9 

6.3 

48 

170 

28 

38.1 

Type! 

69  minutes* 

29.0 

8.2 

42 

134 

32 

■    I 

135  minutes* 

22.3 

14.9 

47t 

140 

32 

37.0 

70          f 
Typell     1 

Normal 

35.3 

144 

44 

38.9 

55  minulen* 

30.9 

4.4 

162 

32 

37.7 

99  minutes' 

24,2 

11,1 

t 

80 

12 

36.4 

•  Lapse  of  ti 
t  Animal  in 

Analyses  were  made  on  the  plasma  of  blood  drawn  by  syringe  from 
the  inferior  vena  cava  or  external  jugular  vein.  The  nonnal  dog 
(expcr.  78)  was  in  a  state  of  profoimd  rfiock  at  the  end  of  Uie  first  forty- 
five  minutes  after  beginning  the  initial,  and  only,  period  of  trauma. 
As  shown  in  the  table  the  alkali  reserve  of  the  plasma  had  fallen  only 
9.5  volumes  per  cent  and  was  in  fact  no  lower  than  the  minimal  value 
for  the  normal  dog.    This  was  a  very  clear  case  of  type  I  shock.    Of 
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the  other  four  dogs,  determinations  made  before  the  signs  of  shock 
appeared,  gave  a  maximum  fall  from  normal  of  11.2  volumes  per  cent 
(exper.  79),  and  a  minimum  of  4.4  volumes  per  cent  (exper.  76).  The 
average  faU  for  the  four,  within  the  first  hour  after  beginnii^  the  initial 
trauma,  was  8,1  volumes  per  cent.  As  will  be  seen,  the  reading  in 
experiment  77  was  quite  above  the  normal  minimum  for  the  normal 
dog,  namely  32.4  volumes  per  cent,  while  the  oUier  three  gave  readings 
not  far  below  this  point. 

When  we  come  to  the  final  determinations,  however,  when  all  the 
d(^  showed  definite  ngns'  of  shock,  matters  are  somewhat  altered. 
Thus  two  dogs  show  a  fall  from  the  normal  alkali  reserve  of  17.9  vol- 
umes percent  (expers.  77  and  79).  The  average  fall  for  the  four  is  15.2 
volumes  per  cent.  AU  show  readings  below  the  mean  value  fotmd 
after  two  to  four  hours  of  continuous  ether  anesthesia  (26.1  volumes 
per  cent).  There  appears  to  be  no  relation  between  the  type  of  shock 
and  the  degree  of  alkali  depletion.  However  the  data  g^ve  an  indication 
of  what  trauma,  uncomplicated  by  ether  anesthesia,  will  accomplish 
toward  setting  up  a  state  of  acidosis  in  the  dog.  It  is  seen  further  that 
until  shock  actually  appears,  the  alkali  reserve  remains  well  above  what 
may  be  called  the  limit  of  safety.  The  acidosis  is  certainly  not  marked. 
The  changes  in  heart  rate  and  respiration  are  neither  marked  nor  con- 
sistent.   As  many  dogs  showed  a  decrease  m  both  as  showed  an  increase. 

It  should  be  emphasized  that  the  marked  fall  in  alkali  reserve  occurred 
only  after  the  dc^  were  in  a  state  of  shock.  The  slight  fall  observed 
in  the  first  hour,  then,  was  due  to  local  changes  set  up  by  the  trauma 
and  not  to  any  circulatory  failure.  That  the  onset  of  acidosis  is  gradual 
is  revealed  in  experiment  78,  where  the  dog  died  from  shock  before  the 
alkali  reserve  had  fallen  even  below  the  minimum  normal  value. 

TBB  ALKAU  RESERVE  IN  THE  ETHERIZED  DOQ  AFTER  TRAUHA 

The  fall  in  alkali  reserve  in  anesthetized  dogs  following  trauma  can 
best  be  illustrated  by  summarizing  representative  experiments,  The 
data  for  four  such  experiments,  illustratmg  the  four  types  of  shock,  are 
given  in  table  3. 

The  results  given  in  the  table  above  are  shown  graphically  in  figures, 
2,  3,  4,  5A  and  5B. 

The  data  in  the  above  table  agree  satisfactorily  with  those  presented 
in  table  2.    As  before,  the  alkali  reserve  of  the  plasma  remained  prac- 
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TABLE! 
Showing  the  alkali  re*erre  after  trauTtia  in 


MFMIKINT 

COHDiriON 

„Vv. 

;r 

„"^."„ 

■.%v 

i^.'; 

■OD. 

sr 

Sjttolic 

ATDBI 

ptrani 

pcrciof 

•c. 

Nonnal 

43.8 

132 

28 

99 

62  iniQ.  ether 

20.2 

23,6 

153 

165 

188 

64 

41.0 

Tjrpel 

Obs.*  30  mid. 

21.1 

22.7 

96 

103 

160 

64 

42-0 

Oba.'  95  tnin. 

20.2 

23.6 

30t 

42  0 

Normal 

36.6 

75 

24 

55  min.  ether 

23.3 

13.3 

102 

109 

96 

72 

29 

Oba.*   56  min 

23.3 

13.3 

64 

78 

180 

48 

38,9 

Type  11 

Obs.'   95miQ 

17.8 

18.8 

47 

51 

180 

SO 

36.8 

Obs.'  127  miD. 

16.6 

20.0 

50 

53 

144 

52 

35.6 

ObB.*  170  min. 

15.7 

20.9 

29 

32t 

108 

32 

Normal 

44.9 

120 

24 

50  min.  ether 

30.0 

14.9 

123 

131 

150 

64 

Obs.*  20  min. 

27.1 

17,8 

104 

107 

180 

68 

69 

Obs.'    78  min. 

27.1 

17.8 

94 

98 

168 

40 

Type  111 

Obs.*  135  min. 

26.2 

18,7 

67 

74 

120 

36 

Oba.'  200  min. 

15.9 

29.0 

55 

61 

126 

40 

Obs."  255  min. 

13,0 

31  9 

51 

58 

132 

32 

Obs.'  325  min. 

17,8 

27.1 

20t 

52 

3 

Normal 

51.6 

55  min.  ether 

34.2 

17,4 

126 

138 

122 

66 

Obs.'    35  min. 

29.4 

22.2 

126 

141 

120 

72 

66 
Type  IV 

Obs.'   65  min. 

30.3 

21.3 

96 

111 

150 

76 

Obs.'  115  min. 

29.4 

22.2 

77 

81 

144 

72 

Obs.*  175  min. 

26.5 

25.1 

78 

84 

150 

78 

Obs."  242  min. 

22-6 

29.0 

79 

96 

192 

60 

GbB.'-llOmin. 

23,6 

28.0 

46 

63 

Obs.'  382  min. 

32,3 

19-3 

58 

67 

126 

30 

No  shock 

*  Observation  taken  so  many  minutes  after  beginning  the  initial  trauma. 
t  Observation  taken  when  the  animal  was  in  shock. 

tically  unaffected  in  this  case  at  the  level  to  which  it  was  brought 
by  etherization,  until  the  blood  pressure  had  fallen;  and  only  showed 
a  significant  reduction  after  the  condition  of  the  dog  had  become  serious. 
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Fig.  2.  Experiment  29.  Showing  the  arterial  blood  prsBSure  and  ttie  alkali 
reserve  io  a  case  of  type  II  ahock. 


AaitSr- 


Fig.  3.  Showing  arterial  blood  pressure  and  alkali  reserve  in  experiment  69. 
Type  III  shoek. 
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Naturally  there  were  exccptiona.  In  experiment  90  (not  shown)  for 
instance,  the  alkali  reserve  of  the  plasma  fell  to  14.3  volumes  per  cent 
while  the  blood  pressure  was  still  83  to  90  mm.  The  data  also  show 
that  as  the  condition  of  the  dog  becomes  worse,  the  heart  rate  decreases. 
I  have  never  seen  in  the  dog  a  case  of  cardiac  shock,  as  described  by 
Howell  (2),  (3),  result  from  visceral  trauma.    At  the  same  time  the 


Fig.  4.  Showing  arterial  blood  pressure  and  alkali  reserve  in  experiment  66. 
Type  IV  shock. 

respiration  rate  usually  decreased.    Hence  the  terminal  rise  frequently 
observed  in  the  alkali  reserve  of  the  plasma. 

Although  the  data  tend  to  show  a  correlation  between  the  type,  i.e., 
the  severity  of  shock  and  the  fall  in  the  alkali  reserve,  it  appears  doubt- 
ful, considering  the  experiments  as  a  whole,  whetiter  this  is  at  all  close. 
True,  the  dogs  exhilntii^  type  IV  shock  were  characterized  by  a  ronark- 
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ably  conatant  alkali  reserve.  In  these  dogs  compensation,  such  as  by 
a  decrease  in  the  rate  of  respiration,  etc.,  was  no  doubt  very  perfect, 
even  when  the  blood  pressure  had  fallen  markedly.  On  the  other  band, 
as  regards  types  II  and  III,  the  distinction  between  the  two  could  not 
be  drawn  upon  the  basis  of  the  alkali  reserve.  Thus  the  lowest  level 
to  which  the  plasma  alkalies  were  carried  by  this  method,  namely  13 
volumes  per  cent  (exper.  69,  above)  was  in  a  case  of  type  III  ehock. 


^iMhlia. 


■«*»'«»---r~-~- 


Fig.  5a.  Showing  alkali  reserve  of  plasma  and  of  whole  blood.     Aseptic 
ether  control  for  experiment  99.    October  30,  1919. 

Again,  selecting  readings  in  the  first  hour  after  begnniiig  the  initial 
trauma,  the  alkali  reserve  in  experiment  38  was  18.5  vcdumea  per  cenV 
as  cwnpared  with  23.3  volumes  per  cent  in  experiment  29,  aMlougb 
the  type  <A  siiock  in  the  first  case  was  of  the  third  order  while  is  tfas 
second  the  dog  showed  type  II  shock.  The  blood  pressure  readings 
taken  at  the  same  time  were  94-101  and  64-78  mm.  respective. 
However,  it  woidd  be  impossible  on  the  basis  of  the  data  in  huid  to 
assign  to  any  given  range  of  arterial  pressures  definite  values  for  the 
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plasma  alkalies.  The  venture  was  made  and  proved  utterly  hopeleBS. 
Nor  is  there  any  critical  level  of  blood  pressure  at  which  a  marked 
decline  of  the  alkali  reserve  is  to  be  expected.  The  condition  of  the 
animal,  in  short,  cannot  be  gauged  by  its  alkali  resen'e  alone. 


*teiiA,>fi 


Fig.  5b.  Showing  arterial  blood  pressure,  alkali 
whole  blood  in  experiment  99.    Type  I  shock.    November  6. 


of  plasma  and  of 


THE   ALKALI   RESERVE   IN   COimtOLLED  SHOCK   EXPERIMENTS 

The  accuracy  of  the  conclusions  reached  above  can  be  best  borne 
out  by  presenting  the  protocol  of  one  of  a  series  of  controlled  shock 
expertmentfi  performed  with  the  assistance  of  Mr.  C.  F.  G.  Brown. 
Dogs  were  kept  under  ether  anesthesia  for  considerable  periods  of  time, 
the  anesthetic  being  administered  by  intubation.  Blood  pressure 
tracings  were  taken  in  only  one  experiment,  but  blood  was  drawn  from 
the  femoral  artery  with  aseptic  precautions  at  r^ular  and  rather  fre- 
quent intervals.    At  the  close  of  the  experiment  the  dogs  were  sewed 
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up  and  allowed  to  recover.    At  the  end  of  a  week  shock  was  instituted 
in  the  customary  maimer. 

Protocol.    BxperimetU  BS,  OcUAer  Si,  1919.    Ateptic  ether  eontrol.    Dog  SS, 
male.    15  kilos.    Fed. 


.«,L. 

nESEBVB 

■.%7 

■='■ 

'S- 

raoccDVKC 

Blood 

Plum. 

a.m. 

ptrenJ 

Id. 
permit 

•c. 

8:40 

41.0 

40.9 

96 

16 

9:05 

Ether,  iotubsted,  heat 

10:05 

28.3 

26.8 

140 

40 

Sample,  rt.  fern.  art. 
Knee  jerk  positive 

11:05 

27.4 

24-9 

140 

44 

Knee  jerk  poBitive 

p.m. 
12:05 

25.0 

25.8 

142 

36 

Knee  jerk  poaitive 

12:30 

Vomited 

1:05 

28.3 

22.1 

136 

6S 

Very  excited 

2:05 

28,5 

23.0 

156 

40 

Lid  reSex  negative 

3:05 

27.5 

24.0 

152 

60 

Lid  reflex  poaitive 

4:05 

25.8 

22.3 

152 

36 

Lid  reflex  poaitive 

4:35 

140 

48 

35 

Lid  reflex  poaitive 

5:05 

25.7 

18.3 

156 

36 

Lid  reflex  negative 

5:35 

160 

64 

Lid  reflex  positive 

6:20 

37 

Sewed  up,  ether  off 

The  lid  reflex  was  positive  except  where  otherwise  indicated.  The 
dc%  was  under  ether  9  hours  and  26  minutes.  Recovery  was  good  and 
the  dog  ate  the  next  morning.  After  the  lapse  of  a  week  shock  was 
instituted  as  shown  in  the  protocol  of  experiment  100. 

The  lid  reflex  was  positive  throughout  the  experiment.  The  ether 
was  disconnected  during  each  period  of  trauma.  On  section  the  heart 
was  found  contracted,  a  further  proof,  if  any  were  necessary,  that  in 
spite  of  the  dog's  great  excitability  the  ether  had  been  kept  at  a  mini- 
mum level.  The  total  survival  time  after  beginnii^  the  initial  trauma 
was  three  hours  and  forty-five  minutes.  Hence  according  to  the  classi- 
fication adopted  this  was  a  case  of  type  III  shock,  there  beii^  two 
periods  of  trauma,  two  hours  and  thirty  minutes  apart. 

It  should  be  noted  that  the  lowest  point  to  which  the  alkali  reserve 
of  the  plasma  fell,  namely  17.7  volumes  per  cent,  was  only  0.6  volume 
per  cent  below  the  lowest  point  reached  in  the  control  experiment,  and 
that  this  value,  18.3  volumes  per  cent,  was  perfectly  compatible  with 
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Proloeol.    Experiment  100,  November  6,  1919,    Shock  exjieriment.    Dog  SB, 
mole.    IQ.lkilot.    Not  fed. 
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ALKALI 

KUBBTl 

^ 

Syttok 

Blood 

PIUDU 

"'" 

a.m. 

.». 

... 

•ol. 

•ol. 

•c. 

9:10 

49.4 

42.8 

80 

12 

Noim&l  venoui  aainple 

9:35 

Ether,  intubated,  heat 

10:28 

109 

127 

31.8 

31.5 

140 

44 

39.5 

Sample,  left  tern,  artery 

11:10 

101 

121 

30.8 

23.0 

144 

G8 

39.0 

11:15 

M 

113 

Trauma,  15  min. 

11:30 

66 

89 

Closed  up,  heat 

11:55 

84 

100 

160 

68 

38.0 

p.m. 

12:10 

78 

00 

29.9 

26.8 

184 

80 

38.5 

1:10 

78 

94 

30.7 

28.7 

156 

48 

393 

1:46 

89 

100 

39.5 

Trauma,  15  min. 

2:00 

61 

79 

160 

32 

30.8 

Closed  up,  heat 
Myenteric  reflex  positive 

2:16 

49 

63 

28.9 

17.7 

160 

36 

39.8 

2:25 

■    63 

67 

176 

28 

30.0 

Ether  disconnected, 
culty,  in  shock 

2:45 

29 

34 

19,7 

18.0 

96 

24 

38.5 

Respiration  spasmodic, 
"shivery" 

3:00 

Dead 

life.  At  the  time,  however,  that  the  ]ow  reading  was  obtained  in  the 
shock  experiment,  the  dog  was  already  moribund,  with  an  arterial 
blood  preaeure  of  49  to  63  mm.  Obviously  this  fact  could  never  have 
been  ascertained  by  a  consideration  of  the  plasma  alkali  alone.  Fur- 
thermore the  alkali  reserve  of  the  whole  blood  at  this  time  was  even 
sligbtly  higher  than  in  the  c<mtrol  experiment  at  the  same  hour,  namely 
four  hours,  forty  minutes  after  beginning  ether  anestheua.  Baytiss 
(34)  has  shown  that  in  cato  a  reduction  of  the  alkali  reserve  (rf  the  plasma 
to  a  level  as  low  as  5  volumes  per  cent  by  the  intravenous  injection  of 
acid  does  not  prevent  the  quick  and  apparently  complete  recovery  of 
the  animal.  Thus  the  conclusion  is  inescapable  that  there  is  no  critical 
level  of  alkali  }es«ve,  at  least  in  the  dog  and  cat. 
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ATTEUPTS  TO  REPBODUCE  TRAUMATIC  SHOCK  BT  INTRAVENOUS  INJBCTIOS 
OF  ACIDS  AKD  ACID  SAI/TS 

Since  the  claim  put  forward  by  Cannon  (11)  that  the  blood  pressure 
in  cata  can  be  brought  to  the  shock  level  by  the  intravenous  injection 
of  N/2  HCl  has  been  effectually  disproved  (34),  it  seems  unnecessary 
to  ^ve  an  extended  accomit  of  the  experiments  conducted  along  this 
line  in  connection  with  the  present  paper. 

Intravenous  injections  of  sodium  acid  phosphate  in  Goncentrations 
of  0.15  to  0.25  molar  were  made  in  thirteen  dogs  and  two  cats.  Five 
cats  and  three  dt^  were  given  intravenous  injections  of  N/4  HCl. 
While  the  injection  volume  was  larger  than  if  half-normal  acid  had  been 
used,  still  it  is  doubtful  if  there  was  any  significant  elevation  of  blood 
pressure  in  consequence  of  this.  Since  the  acid  phosphate  was  quite 
ineffective  in  lowering  the  alkali  reserve  of  the  plasma  to  any  extrait, 
only  the  results  obt^ed  with  hydrochloric  acid  will  be  given  here. 

The  injection  volume  used  in  dogs  varied  between  6.9  and  42.3  cc. 
per  kilo.  All  the  cata  were  given  10  cc.  per  kilo.  The  lowest  point 
to  which  the  alkali  reserve  of  the  plasma  was  brought  in  the  dog  was 
11.0  volumes  per  cent,  from  an  initial  normal  value  of  44.9  volumes 
per  cent.  Of  this  fall  16.7  volumes  per  cent  were  due  to  etherization, 
and  the  acid  caused  a  further  fall  of  17.2  volumes  per  cent.  There 
were  signs  of  cardiac  ffulure  before  death  and  on  section  the  lungs  were 
found  to  be  intensely  edematous.  Signs  of  shock  were  conspicuous  for 
their  absence.  The  t4ood  pressure  on  beginning  the  injection  was  118- 
125  mm.  After  the  alkali  reserve  had  fallen  to  its  lowest  point  the 
bkKid  pressure  remained  above  90  mm.  for  forty  minutes  and  at  death 
was  still  57  mm.  Fourteen  and  one-tenth  cubic  centimeters  of  N/4  HCl 
were  given  per  kilo. 

The  lowest  point  to  which  the  plasma  alkalies  fell  in  the  cat  was  10.7 
volumes  per  cent,  from  a  value  of  34.3  obtained  an  hour  and  three 
quartern  after  etherization.  Of  this  fall  15.0  volumes  per  cent  were 
due  to  the  ether.  The  dose  of  N/4  HCl  was  10  cc.  per  kiki.  The 
blood  pressure  was  fluctuating  but  rose  from  a  level  of  78-SO  mm. 
at  ibo  time  the  last  tdood  sample  was  drawn  to  81-95  mm.  and  then 
fell  raiwUy  to  sero.  There  woe  no  sigps  of  cardiac  failure;  death  oc- 
curred in  ^noea.  There  was  no  hyperpnoea  at  any  time  nor  any  signs 
of  shock,  but  the  possibility  of  intravascular  clotting  and  raibolism  was 
not  exduded.  Observe  that  in  this  cat  the  alkali  reserve  was  at  all 
times  below  the  critical  level  of  38  volumes  per  cent  cited  by  Cannon 
(U). 
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Summarizbg,  it  can  be  said  that  none  of  the  ^rn'maln  showed  any 
signs  of  shock;  in  fact  up  to  the  point  of  death  they  were  all  unusually 
active.  There  were  strong  evidences  of  cardiac  fulure  in  the  d(^, 
but  whether  it  occurred  in  the  cats  is  doubtful.  That  the  oxygenation 
of  the  blood  was  markedly  interfered  with  is  shown  in  experiment  60. 
After  the  alkali  reserve  had  been  lowered  from  an  initial  normal  value 
of  40  to  11.5  volumes  per  cent,  the  blood  pressure  was  still  111-126 
mm.  The  injection  of  acid  was  continued  until  the  dog  had  been  given 
42.3  cc.  per  kilo  of  N/4  HCI,  The  blood  pressure  fell  rapidly  from 
98-105  to  about  zero.  On  drawing  a  sample  of  blood  from  the  heart 
it  was  found  to  be  quite  black  and  could  not  be  oxygenated  at  all.  The 
spectroscope  revealed  reduced  hemoglobin  only;  there  was  no  methemo- 
globin  nor  acid  hematin.  The  alkaU  reserve  of  the  plasma  was  n^U- 
gible.  In  one  cat  in  which  death  occurred  very  suddenly  on  injecting 
acid,  the  blood  in  the  right  ventricle  was  found  to  be  coagulated  im- 
mediately at  the  close  of  the  experiment. 

SUMMARY  AND  COMCLOSIOM 

1.  The  dc^  used  in  these  experiments  are  classified  on  the  basie  of 
the  length  of  survival  after  beginning  the  initial  trauma.  This  makes 
unnecessary  the  arbitrary  designation  of  any  given  arterial  pressure  as 
the  shock  level. 

2.  On  this  basis  four  general  types  of  shock  were  made  out,  rangii^ 
from  the  more  severe  characterized  by  sudden  onset  and  death,  to  that 
in  which  few  or  none  of  the  cardinal  signs  of  shock  were  observed. 

3.  The  larger  number  of  animals  showed  the  intermediate  types  of 
shock  and  lived  on  the  average  from  two  hours,  nine  minutes,  to  four 
hours,  fifteen  minutes  (types  II  and  III)  after  beginning  the  initial 
trauma. 

4.  The  average  normal  alkaU  reserve  of  the  venous  plasma  in  the 
d<^  was  found  to  be  43.4  volumes  per  cent,  sixty-eight  determinations. 
ITie  values  ranged  from  32.4  volumes  per  cent  to  59.5.  The  average 
for  whole  blood  was  47.0  volumes  per  cent,  eighteen  determinations. 
The  maximum  reading  was  55.6,  the  minimum  36.6  volumes  per  cent. 

5.  In  dogs  under  ether  anesthesia  the  mean  value  fell  to  33.9  volumes 
per  cent.  As  anesthesia  was  protracted  the  mean  alkali  reserve  fell 
to  28.0  volumes  per  cent  (forty-five  minutes  to  two  hours)  and  finally 
to  26.1  volumes  per  cent  (two  to  four  hours).  As  etherization  was 
continued  beyond  this  point  the  mean  fall  in  alkali  reserve  per  unit  of 
time  was  seen  to  decrease. 
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6.  Five  dogs  traumatized  under  local  aneBthesia  alone  Bhowed  no 
striking  fall  in  the  alkali  reserve  of  the  plasma  until  their  condition 
had  become  quite  serious.  Ko  level  of  blood  pressure  could  be  set  as 
critical  in  this  respect.  Under  the  conditions  of  the  experiraents  the 
average  fall  from  the  normal  reading  was  15.2  volumes  per  cent. 

7.  Substantially  the  same  was  shown  by  eleven  dogs  which  were 
traumatized  under  ether  anesthesia.  When  shock  ensued  suddenly  the 
fall  in  the  alkali  reserve  of  the  plasma  was  relatively  insignificant. 
When  shock  was  late  in  appearing,  the  plasma  might  show  a  high  alkali 
reserve  for  some  time  after  the  animal  had  become  practically  mori- 
bund. There  was  apparently  no  correlation  between  the  type  of  shock 
and  the  degree  of  alkali  depletion.  The  condition  of  the  animal  could 
not  be  gauged  by  its  alkaU  reserve. 

8.  In  several  experiments  it  was  found  that  the  alkali  reserve  of  the 
plasma  and  of  the  whole  blood  fell  no  lower  in  profound  shock  than  in 
aseptic  ether  controls  performed  on  the  same  dogs  a  week  previous  to 
the  experiment,  and  from  which  they  recovered  rapidly  and  com- 
pletely.    If  there  is  a  critical  level  of  alkaU  reserve  it  was  not  discovered. 

9.  Intravenous  injections  of  N/4  HCl  and  of  isotonic  acid  phosphate 
solutions  did  not  produce  shock  or  anything  resembling  this  condition 
in  either  dogs  or  cats. 

The  writer  desires  to  thank  Dr.  A.  J.  Carlson,  Dr.  A.  B.  Luckhardt 
and  Dr.  A.  C.  Ivy  for  their  kind  advice  and  many  suggestions,  and  Mr. 
C.  F.  G.  Brown  for  his  assistance  in  the  laboratory. 
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III.    The  Production  of  Light  bt  Luciola.  Vitticollis  is  an 
Oxidation* 

SAKYO  KANDA 

From  Ih^  Marine  Biological  L(Aoratoril,  Kyushu  Imperial  University,  Ttuycuaki 
(Fttkuoka),  Japan 

Received  for  publication  Mar  22,  1920 

INTHODUCnON 

The  proWem  whether  the  production  of  light  by  s  fire-fly  is  an 
oxidation  is  an  old  one,  having  been  raised  as  long  ago  as  1783  (2,  p. 
355).  Unfortunately,  different  investigators  offer  varying  results. 
Spallanzani,  for  instance,  found  that  the  Ught  produced  by  Lampyriscs 
disappeared  in  Nt,  H;  and  CO*,  but  it  appeared  again  at  the  admission 
of  air  or,  better  stiU,  Oj..  It  is  doubtful  how  exact  his  method  was, 
because  it  was  a  work  of  1796.  On  the  other  hand,  according  to 
Macartney,  the  Lampyris  produced  a  brilliant  light  without  Oi,  and  it 
neither  became  stronger  In  Oj  nor  weaker  in  Hi  (2,  p.  356). 

Mangold  well  points  out,  therefore,  the  status  of  this  problem  and 
states: 

■  In  hia  paper  in  this  Journal,  January,  1S20,  Doctor  Kanda  stated  that  the 
production  or  light  by  Cypridina  is  not  an  oxidation.  I  think  it  will  be  admitted 
that  hia  TCBuIts  were  convincing  to  the  extent  of  showing  either  that  no  o^iygen 
was  required  or  very  lillle  (as  much  as  might,  in  spite  of  his  elaborate  precautions, 
have  been  present  as  an  impurity).  In  the  interest  of  clear  discussion  I  believe 
it  should  be  known  that  in  a  personal  letter  to  me,  Doctor  Kanda  now  adopts  the 
second  alternative.  The  paper  referred  to  is,  I  take  it,  to  be  interpreted  as  prov- 
ing that  the  luminous  material  in  Cypridina  is  very  rapidly  destroyed,  without 
proportional  light  production,  if  any  considerable  amount  of  oxygen  is  present; 
and  that  the  long-continued  strong  light  production  which  be  observed  was  due 
to  the  very  small  amount  of  oxygen  present  as  an  impurity  in  the  gases  used. 
As  Doctor  Kanda  forwarded  his  manuscript  for  publication  in  English  through 
me,  I  am  venturing  to  add  this  note, — E.  P.  Lyon. 
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Die  Fragc  nach  der  Bedeutung  dea  SaueratoSes  (Ur  die  Lumineazenz  tat  bier 
abcr  noch  aicht  .  .  .  .  zu  einem  cndgUltigen  und  vOllig  klaren  AbacMuas 
gckominei),  zumal  noch  die  letzten  Arbetten  tiber  Leuchtk&fer  tu  echeinbM' 
entgcgengesetzten  Ergebnisaen  gefUhrt  haben.  Die  Methodik  apielt  hier  ja  eine 
beaoadera  groaae  Rollc,  zumal  ea  fUr  einwaodfreie  Verauche  crforerlich  Jst,  ao 
geringe  Mengen  freien  Saueratoflca  auezuachiieasen    ....     (2,  p.  355). 

In  short,  the  problem  of  oxidation  in  question  is  by  no  means  settled. 

The  writer,  therefore,  made  an  attempt  to  settle  this  problem  with 
new  methods  and  apparatus  devised  for  "einwandfreie  Versuche,"  as 
Mangold  puts  it;  and  he  found  that  the  results  of  these  experiment 
were  (juite  decisive.  In  this  paper,  therefore,  he  will  report  these 
results  together  with  the  description  of  methods  and  apparatus,  which 
were  new  as  far  as  he  is  aware.  The  work  was  carried  out  at  the 
Science  Department  of  the  Kyushu  Imperial  University.  The  writer's 
thanks  are  due  to  Dr.  Tsuneya  Marusawa,  the  professor  of  physical 
chemistry,  for  his  generous  help  and  suggestions,  and  also  to  Mr.  Tetsuzo 
Hagiwara,  Doctor  Marusawa's  assistant,  who  assisted  the  writer  all 
the  way  through  the  work.  The  writer  appreciates  Prof.  Ayao  Ku- 
waki's  kindness  for  the  pri\'ilege  of  the  use  of  the  laboratory. 


The  material  nsed  for  all  the  foUowii^  experiments  was  a  Japanese 
lire-fly,  Luciola  vitticollis.  The  luminous  organ  of  this  species  differs 
according  to  the  sex.  The  Iimiinous  organ  of  the  male,  which  is  smaller 
in  size  than  the  female,  consists  of  the  last  two  segments  of  its  abdo- 
men, while  that  of  the  latter  consists  of  only  one  segment  next  to  the 
last. 

The  luminous  organs  of  the  male  which  were  used  for  all  the  follow- 
ing experiments,  except  one  series,  were  carefully  cut  off  from  the  rest 
of  the  body  of  the  Uve  animals.  The  luminous  organs  of  the  female 
were  specially  prepared  for  one  scries  of  experiments  which  were  carried 
out  to  determine  the  quantity  of  oxygen  to  be  consumed  by  the  organs 
in  the  oxidation  for  the  production  of  light.  This  will  be  mentioned 
later  on. 

THE    FBEPARATtOM    OF    PORE    OASES 

At  first  the  writer  used  Hj,  Nj  and  COi  gases  which  were  prepared  by 
ordinary  methods  and  also  Os  from  a  bomb.  The  intensity  of  light 
produced  by  the  luminous  organs  of  the  animals  was  always  strongest 
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and  lasted  loi^est  in  oxygen.  The  production  of  light,  however,  also 
resulted,  though  only  for  a  short  time,  when  Hg,  Ng  and  COg  gases 
were  used.  On  the  other  hand,  no  hght  was  produced  in  vacuum. 
These  peculiar  results  led  the  writer  to  doubt  whether  the  gases  used 
were  in  reality  pure,  though  they  were  prepared  with  special  care. 
The  careful  analysis  of  Hg  and  Ng  gases  with  an  Orsat's  apparatus 
revealed  that  they  were  impure.  Their  impurity  extended  even  to 
l-i5  per  cent,  due  to  the  mixture  of  Og.    The  writer  has  become  con- 


Fio.  1 

vinced  since  then  that  gaa  washers  which  are  used  in  an  ordinary 
method  of  gas  .preparation  could  by  no  means  purify  a  gas  passed 
through  them,  though  the  air  in  them  was  evacuated  beforehand. 

An  exact  method,  therefore,  was  to  be  planned  to  ob«ate  the  fail- 
ures mentioned  above.  It  was  thought  that  if  gas  purified  by  an 
analytical  method  could  be  used,  it  would  serve  for  this  purpose.  So  a 
new  gas  holder  was  devised,  as  shown  in  figure  1.  In  the  first  place, 
the  flask,  F,  was  filled  with  a  gas-absorbing  solution,  i.c.,  150  cc.  of 
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20  per  cent  C«  H,  (OH),  +  800  cc.  of  saturated  KOH  for  0»,  for  ex- 
ample. The  solution  was  drawn  in  the  glass  tubes,  A  and  B,  asd  a 
separating  funnel,  C,  up  to  the  stopcocks,  a,  b  and  c.  The  tube  B 
was  connected  to  one  of  the  arms  of  the  Orsat's  apparatus  by  means  of 
a  rubber  tube.  All  air  in  the  rubber  tube  and  in  the  rest  of  the  glass 
tube  B,  from  the  stopcock  b,  was  evacuated  before  the  connection  with 
the  Orsat's  was  made.  A  receiving  bottle,  R,  which  was  connected  by 
means  of  a  rubber  tube  to  the  glass  tube  A  was  evacuated  and  sealed  up. 

Now  100  cc.  of  a  gas,  either  Hi  or  Ni,  which  was  carefully  prepared 
in  the  laboratory,  were  introduced  into  the  burette  of  the  Orsat's 
apparatus.  Oxygen  gas  which  was  always  mixed  as  an  impurity  with 
H]  and  Nt  gases  was  repeatedly  absorbed  by  the  alkaline  pyrogallol 
solution  in  a  pipette  of  the  apparatus  until  the  volume  of  the  gas  in 
the  burette  became  constant.  The  gas  thus  purified  was  to  be  pre- 
served in  the  flask  F  of  figure  1.  In  order  that  the  gas  might  I>e  drawn 
into  the  flask,  a  stopcock  of  the  arm  of  the  Orsat's,  say  0,  to  which  the 
flask  was  connected  was  to  be  opened.  Thus  the  rubber  tube  in  the 
vacuum  was  now  filled  with  the  gas.  Then  the  stopcock  b  was  opened. 
And  lastly,  the  stopcock  a  was  opened  with  careful  regulation  not  to 
draw  the  solution  in  the  bottle  R  from  the  flask  F  too  fast.  When 
about  all  the  gas  in  the  burette  of  the  Orsat's  was  drawn  out,  all  stop- 
cocks just  mentioned  above  were  again  closed.  This  same  procedure 
was  repeated  several  times  until  a  desirable  amount  of  the  gas  had 
filled  the  flask  F.  The  virtue  of  this  method  was  that  if  any  traces  of 
Ot  gas  were  left  with  the  gas  in  the  flask  F,  though  hardly  possible, 
the  solution  in  the  flask  would  absorb  0:  during  the  period  of  preser- 
vation. It  is  believed  that  gas  absolutely  free  from  even  a  trace  of  Oi 
gas  was  a\'ai]able  for  use  by  this  method. 

The  oxygen  gas  taken  out  from  the  bomb  was  also  preserved  in  a 
Sask  with  a  saturated  KOH  solution  in  the  same  way  as  above  after 
its  analysis,  although  no  trace  of  COt  was  detected.  It  was  found, 
however,  that  the  0*  gas  from  the  bomb  was  impure  to  the  extent  of 
2  to  3.25  per  cent.  Presumably  the  impurity  was  nitrogen.  No 
attempt  was  made  to  remove  the  mixed  gas  or  gases  from  Oi,  except 
C0».  Carbon  dioxide  was  not  used  for  the  experiments  of  these  series 
because  of  the  difficulty  of  freeing  it  from  Oi. 
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In  the  first  place,  ten  isolated  luminouB  organs  of  the  male  were 
placed  m  the  experiment  bottle,  E  (fig.  2).  The  bottle  was  fitted  mth 
a  tight  rubber  stopper  in  which  two  glass  tubes,  G  and  H,  with  one 
stop-cock  for  each,  were  inserted.  It  was  then  fixed  on  an  iron  stand. 
The  glass  tube  G  was  connected  to  the  glass  tube  A  and  the  glass  tube 
H  to  one  of  the  arms  of  a  T-shaped  glass  tube,  /,  as  illustrated  in 


^ure  2.  The  experiment  bottle,  Ei,  was  also  connected  to  the  glass 
tube,  Ai,  of  the  flask,  Ft,  in  the  same  way  as  just  mentioned  above. 
And  one  of  the  arms  of  the  T-«haped  glass  tube  J  was  connected  to  a 
Gaede's  oil  vacuum  pump,  P,  through  a  manometer,  M.  As  it  was 
essential  to  exclude  all  air  from  without,  melted  paraffin  wafi  put  all 
over  the  rubber  stoppers  of  the  experiment  bottles  E  and  Ei,  especially 
those  places  where  the  stopper  and  glass  were  in  contact. 

The  vacuum  pump  was  then  started  to  evacuate  air  in  the  experi- 
ment bottle  E  or  Ei.  Meanwhile  the  stopcocks  g  and  H  were  opened. 
When  the  manometer  reached  the  zero  point,  the  stopcock  H  was  closed 
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and  the  pump  was  stopped.  Of  courae,  some  air  was  still  to  be  left  in 
the  bottle  and  comiectioiis'  because  the  pressure  was  not  an  absolute 
zero.  Nevertheless,  the  material  in  the  bottle  produced  no  light. 
In  order  to  make  the  vacuum  of  the  experiment  bottle  and  other  spaces 
complete,  the  procedure  of  evacuation  was  repeated  two  or  three 
times  after  filling  the  bottle  with  the  pure  gas  which  was  to  be  used. 
For  this  purpose,  the  stopcocks  a  and  c*  were  opened  and  the  bottle  E 
was  filled  with  the  gas.  After  this  filling  was  complete  the  stopcocks 
a  and  c  were  closed  and  the  pump  was  again  started  to  work.  This 
procedure  was  repeated  two  or  three  timea.  After  the  last  evacuation 
of  the  gas,  the  stopcocks  g  and  A  were  closed,  and  the  gas  admitted  up 
to  the  stopcock  g,  opening  the  stopcocks  a  and  c.  The  last  procedure 
of  this  experimentation  was  simply  to  introduce  the  gas  into  the  bottle 
E  to  see  whether  any  l^ht  was  produced  by  the  material  or  not.  But 
this  should  be  done  together  with  the  bottle  Ei  which  was  prepared  in 
the  same  way. 

As  Oi  gas  was  to  be  used  in  the  bottle,  Et,  it  was  thoi^t  that  two 
complete  evacuations  might  be  enough.  After  the  last  evacuation, 
the  stopcocks  gi  and  hi  were  closed  and  the  stopcocks  Oi  and  Ci  were 
opened.  In  so  doing,  the  gas  wa^  .admitted  up  to  the  stopcock  gi. 
Now  both  the  bottles,  E  and  Ei  wste  ready  for  the  experiQient.  The 
room  was  then  darkened.  The  st()pCock  gi  with  the  leftltand  and  the 
stopcock  g  with  the  right  were  opened  at  the  same  time.  In  this  way, 
Ot  gas  into  the  bottle  Ei  and  Ht  or  Nt  gas,  as  the  case  may  be,  into  the 
bottle  Ej  were  admitted  at  the  same  time.  Thus  the  production  of 
light  by  the  isolated  luminous  organs  of  fire-fiies  in  the  two  gases  was 
observed  simultaneously. 

The  Ot  experiment  was  always  carried-eut  in  comparison  with  any 
other  experiment  as  a  control  of  special  kind,  besides  a  second  control 
fo4  which  air  was  used.  It  was  thought  that  the  evacuation  of  air  in 
the  experiment  bottle  might  have  s6me'^iectontfae  production  bf  1^1 

■  As  the  Qftede'i  pump  is  capable  of  developmg .»  vacuuiii^;001  torn,  of  Hg-V 

I  >•  \ 

the  air  left  is  only  -  „  „„  of  one  atmosphere  after  one  evacuation.    It  may  be 

'  760,000  '^  ' 

said  that  there  were  originally  about  12.6  cc.  of  Oi  In  the  experimental  bottle 
of  capacity  of  60  cc,  as  the  amount  of  0|  in  air  is  about  21  per  cent.  There  is, 
therefore,  only  about  O.O000165  cc.  of  Ot  left  after  one  evacuation. 

■  The  alkaline  pyrogallol  solution  was  always  poured  into  the  funb«l,  C,  by 
means  of  a  rubber  tube  connected  to  the  stopcock,  N,  ojT  the  bottle,  fi;  K^tidi 
was  already  disooiuiect«d  from  the  flask,  F.  .;.,.' 
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8B  the  neiHi  of  taking  water  conteot  awiay  front  the  materia  or  of 
some  stimuIatioD  and  other  change.  Bsaidea  the  ebtittt>l  ueine  air, 
some  experiments  were  perfonned  by  introducing  six  fnun  a  ghiae  gas- 
holder into  the  experiment  bottle,  just  the  same  as  the  other  gaaea  we^ 
introduced,  after  the  evacuation  of  air.  These  experiments  were  also 
compared  with  those  of  Oi,  as  well  as  with  the  controls  in  which  air  Was 
used  without  any  treatment.  It  should  be  remarked  that  the  ifitenaity 
of  light  produced  by  the  material  was  much  stroi^r  in  ^  which  was 
introduced  after  evacuation  than  in  sir  without  any  treatment.  The 
writer  will  try  to  explain  this  fact  later, 

EXPERIHBNTAL 

As  already  stated,  the  purpose  of  this  investigation  waa  to  determine 
whether  the  production  of  light  by  the  fire-fly  is  an  oxidation,  as  ia 
generally  assimied,  or  not.  The  results  obtained  prove  what  most 
previous  authors  believed.  These  experimento  were,  of  course,  re- 
peated several  times  with  no  exception,  when  conditionB  were  properly 
controlled.  If  there  was  any  exception,  it  was  found  that  either  the 
gas  used  was  impure,  or  the  method  or  apparatus  imperiect. 

The  production  of  light  by  the  luminous  organs  of  the  fire-fiy  in  varying 
gas  atmosphere  and  condition:  The  methods  of  these  experiments  were 
Vfery  simple,  as  already  described  in  the  previous  section.  Table  I  is 
Hie  summary  of  tiie  results  of  these  expetjmtait^.  '  The  figures  in-^ttie 
fable  timpiy  show  a  comparative  intensity  of  Ught'-produced  by  tBe 
isolated  luminous  organs  of  the  male  in  a'^ven  gas  atmosphere.  The 
figtare  "4",  for, example,  jmeans  that-f^e*  most  intense  -ligbfe'Triis  pro- 

.  du<ied  by  the  hiaterial  in  one  of  the  four  gases,  including  fiir. 

As  table  1  has  shown,  no  light  was  produced  by  the  luminous  organs 
in  Hi  and  Ni  atmospheres  or  in  a  vacuum.  But  the  admission  of  fur  or 
better  still,  Oi  gas,  resulted  in  a  brilliant  light.  Fortunately,  once 
the  writer  had  Ni  gas  in  which  1  per  cent  of  Oi  gas  was  mixed.    He 

.  therefore  tried  te  see  whether  the  material  would  produce  l^t  or  not. 
It  was  found  then  that  the  material  produced  intenser  light  in  this 
mixture  than  in  air.  The  light  in  the  former  continued  for  about  12 
hours,  while  the  control  in  air  lasted  for  about  70  hours  at  about  20°C. 

-  About.  3  hours  after  the  extinction  of  light,  the  material  produced 
.  light  at  the  admission  of  air.  These  results  will  convince  any  unprej- 
udiced minds  that  the  production  of  light  by  the  material  is  an  oxida- 

-  tion.  .  Furtbennore,  it  is  evident  that  free  o^gen  is  absolutely  neces- 
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Bary  for  an  oxidation  of  this  sort,  as  the  material  produced  no  light  in 
vacuum.  And  it  seems  therefore  probable  that  even  though  some  oxy- 
gen supplier  or  carrier  is  assumed  to  exist  in  the  cells  or  tissues  of  tJie 
material,  it  plays  no  rdle  by  itself  alone  in  this  process  of  oxidation  for 
the  production  of  light. 

The  writer  stated  in  the  second  paper  of  this  series  that  the  produc- 
tion of  light  by  dried  crushed  Cypridinas  was  not  an  oxidation.  Some 
Japanese  critics  thought  that  this  statement  was  dogmatic  beyond 
the  facts  actually  found.  Their  reason  was  that  the  writer  showed 
only  that  no  oxygen  in  the  medium  was  necessary  for  the  production 
of  light  by  the  material,  but  he  did  not  show  at  all  that  oxygen  con- 
tained in  the  cells  or  tissues  of  the  material  was  not  used.  The  writer 
could  make  no  answer  to  this  objection.    Now  it  may  be  answered 


The  produelion  of  light  by  the  iaolaUd  luminoui  organt  0/  Luctotot  t 
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that  it  is  not  probable  that  any  oxygen  in  the  cells,  or  tissues  of  the 
dried  crushed  Cypridinas  is  used  for  the  production  of  light  by  them, 
because  no  oxygen  in  the  cells  or  tissues  of  the  Imninous  oi^ans  of  the 
fire-flies  seems  to  be  used  for  their  production  of  light,  even  thoi^ 
this  process  is  certainly  an  oxidation. 

As  already  stated,  the  light  produced  by  the  material  in  fur  admitted 
after  one  evacuation  was  much  stronger  than  that  produced  in  air 
without  any  treatment.  This  fact  could  not  be  explained  on  a  mere 
basis  of  the  volume  of  oxygen  contained  in  air.  But  as  the  cells  and 
tissues  of  the  material  wero  alive  and  some  nerve  ganglia  seemed  to  be 
located  ip  the  tissues,  it  seemed  possible  that  stimulation  by  mechan- 
ical agitation  occurred  when  air  was  admitted  after  an  evacuation. 
This  might  be  the  same  phenomenon  as  in  the  case  of  the  fire-flies 
producing  a  stronger  light  when  water  is  sprinkled  on  the  cage  contain- 
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ing  them,  or  when  the  cage  is  shaken.  Besides  such  biologioal  factor, 
the  surface  of  contact  may  also  act.  Evacuation  may  increase  the 
coatactrBUrfoce  of  the  material  for  the  readmitted  oxygen  gas  and  in 
consequence  the  rate  of  oxidation  may  increase.  Whatever  the  reason, 
the  result  was  a  stronger  light  when  air  was  readmitted  after  evacua- 
tion. The  fact  that  the  intensity  of  l^ht  produced  by  the  material  in 
the  gaseous  mixture  of  Ni  with  1  per  cent  of  0»  admitted  after  evacua- 
tion was  stronger  than  that  of  light  produced  ia  wr  with  no  evacuation 
may  also  be  explained  in  the  same  way.  That  the  light  produced  by 
the  material  in  air  which  coDtains  about  21  per  cent  of  C^  is  weaker 
than  that  in  the  mixture  of  Ni  with  1  per  cent  of  Oj  is  incomprehensible 
if  considered  merely  from  the  viewpoint  of  an  oxidation.  But  it  is  not 
necessarily  so  if  the  biological  and  physico-chemical  factors,  mechan- 
ical agitation  and  surface  action  just  mentioned  above,  are  considered. 

An  estimoHon  of  oxygen  consumed  by  the  luminous  organs:  An 
attempt  was  made  to  estimate  the  amount  of  Oi  converted  ^ 
into  COi  in  the  production  of  light  by  the  isolated  luminous  t 
organs  of  the  female.  A  preliminary  experiment  showed  Uiat 
qiute  a  lai^e  amount  of  COt  was  given  off  during  the  produc- 
tion of  %ht  by  the  luminous  organs.  This  encouraged  the 
writer  to  undertake  further  careful  experiments.  The  method 
of  this  series  of  experiments  was  a  little  difTerent  from  others, 
though  quite  simple.  The  bottle  shown  in  figure  3  was  used 
for  this  experimentation. 

In  the  first  place,  the  experiment  material  was  isolated  as 
carefully  as  possible  to  minimize  the  admission  of  other  sub-  pj^,  3 
stances,  which  might  in  some  way  obscure  the  results.  For 
this  piirpose  the  luminous  organ  of  the  female  was  more  suitable  than 
.  that  of  the  male,  because  the  female  luminous  organ  of  this  species 
consists  of  only  one  abdominal  segment  next  to  the  last,  as  aheady 
stated.  If  the  thoracico-abdominal  regions  were  pressed  by  the  fingers 
ctf  the  left  hand,  ihe  last  two  or  three  segments  of  the  abdomen  were 
stretched  out.  Then  the  last  s^ment  was  carefully  cut  off  by  means  of 
sharp  scissors  and  the  thoracico-abdomin&l  regions  were  again  pressed 
hard.  In  doing  so,  eggs  and  other  matter  contained  in  the  abdomen 
were  pressed  out  from  the  cut.  They  were  all  cleaned  off  with  special 
care.  After  this  cleaning,  the  luminous  segments  of  sixty  females  thus 
isolated  were  placed  in  the  experiment  bottle  E  shown  in  figure  3.  The 
bottle  E  was  tightly  fitted  with  a  rubber  stopper  in  which  two  capillary 
glass  tubes,  A  and  B,  were  inserted.    The  tube  B  was  connected  by 
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means  of  a  rubber  tube  to  one  of  the  arms  of  the  Onat'a  apparatus  for 
gas  analyais.  The  tube  A  which  had  one  stopcock,  a,  was  etnmected  to 
the  vacuum  pump  through  a  manometer.  After  all  conitectionB  were 
thus  mode,  melted  paraffin  was  put  all  over  the  stopper  of  the  bottle 
E  as  usual.  Now  the  stopcock  of  the  arm  of  the  Orsat's,  say  o,  to 
which  the  tube  B  was  connected,  was  closed.  The  pump  was  started 
to  evacuate  the  air  in  the  bottle  E.  After  complete  evacuation,  the 
stopcock  a  was  closed. 

Exactly  100  cc.  of  Ot  gas,  which  contained  about  2.14  per  cent  N* 
but  was  absolutely  free  from  CO}  and  was  held  in  the  burette  of  the 
Orsat's,  were  ready  to  be  sent  into  the  bottle  E  at  any  time.  Now  the 
stopcock  0  was  opened.  Oxygen  gas  was  thus  introduced  into  the 
bottle  E  from  the  burette.  After  this  filling  was  over,  tbe  stopcock  0 
was  closed.  The  exact  volume  of  the  gas  introduced  into  the  bottle 
was  read  and  the  rest  of  the  gas  left  in  the  biu-ette  was  blown  out.  At 
the  same  time  the  barometer  and  temperattu^  of  the  laboratory  were 
read.  For  cert^n  hours  the  material  thus  treated  was  allowed  to  use 
Ot  for  the  production  of  light,  the  exact  volume  of  which  was  already 
known. 

Twenty-five  hours  from  the  time  of  treatment  the  material  was  stiU 
producing  light.  But  it  was  thought  that  further  delay  might  com- 
pUcate  the  results  by  increasing  CO*  gas  which  m^ht  be  given  off  due 
lo  .the  decay  of  the  material,  or  to  other  causes.  Therefbre  the  tube 
A  was  connected  to  a  syphon  by  means  of  which  distiHed  watdi  was 
caused  to  run  into  the  bottle  E.  The  stopcocks  0  aiid  a  were  opened 
in  the  order  mentioned.  The  gas  contained  in  the  bottle  ^as  thus 
displaced  l^  the  water  and  retOmed  to  the  burette.  When  the  water 
reached  the  stopcock  0,  the  latter  was  closed.  The  volume  of  the 
returned  gas  and  the  temperature  and  barometer  were  read  at  the 
same  time.  The  carbon  dioxide  mixed  with  the  C^  gas  was  absorbed 
by  a  concentrated  KOH  solution  until  the  gas  volume  became  constant. 
The  Ot  was  also  absorbed  by  the  alkaline  pyrogallol  solution  after  an 
addition  to  it  of  16  cc.  of  Ni.  The  results  of  the  experiments  calculated 
by  reducmg  to  the  normal  conditions  are  given  in  table  2. 

The  amount  of  Ot  consumed  in  the  production  of  light  by  the.mate- 
rial  was  found  to  be  6.01  cc,  as  shown  in  table  2.  But  the  methods  of 
the  experiment  were  not  beyond  criticismB,  which  may  be  menticmed 
as  follows:  a,  The  gas  in  the  burette  of  the  Orsat's  apparatus  was  dis- 
placed by  distilled  water.  It  was  certain  that  the  water  in  thfl  burette 
would  dissolve  COk  which  was  sent  for  analysis  from  tiie  experiment 
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bottle  into  the  btirette,  after  the  ItnniDous  oi^ans  bad  used  Oi  for  the 
production  of  hght.  An  error  would  thus  be  introduced  into  the 
results.  In  other  experiments,  therefore,  the  water  in  question  was 
replaced  by  mercury  before  the  gaseous  mixture  of  d  and  COj  was 
sent  back  into  the  burette.  Unfortunately,  however,  a  certain  tech- 
nical fault'was  found  in  the  process  of  analysis.  So  these  results  have 
been  ignored  and  the  experiments  made  with  water  displacement  are 
published:  b.  It  was  not  at  alt  certain  whether  the  whole  amount 
of  0»,  i.e.,  6J)1  cc,  was  exclusively  used  up  for  the  production  of  light 
by  the  isolated  luminous  segments,  as  some  of  it  might  have  been  used 
for  oxidatiwt  of  substances  of  the  segments  independent  of  the  process 
of  the  light  production. 

The  writer  was  anxious  to  remQve  as  fa)*  as  possible  these  errors  and 
objections  just  mentioned.  It  was,  however,  late  in  the  season  and 
the  material  could  not  lor^r  be  secured.  He  therefore  reports  the 
result  as  it  was,  though  unfinished. 


houTg 
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S2.S1 

6.01 

A  relation  of  the  production  of  light  to  water:  It  was  supposed  that  if 
the  production  of  light  by  the  material  was  an  oxidation,  the  material 
might  be  preserved  longer  in  vacuum  than  in  air.  So  the  following 
»(perimen(s  -were  tried.  -  Seventeen  glass  tubes  of  the  capacity  of 
about  25  cc.  were  drawn  narrow  at  one  end  and  sealed  up  at  the  other 
end.  Isolated  luminous  organs  of  .ten  males  were  placed  in  each  tube. 
Three  of  these  ,tubes  were  sealed  up  at  a  certain  time.  These  were, 
the  controls  of,one,kind.  Another  three  tubes  which  were  thoroughly 
evacuated  once  were  sealed  up  after  readmitting  air.  These  were 
controls  of  another  kind.  The  material  in  the  controls  of  these  two 
kinds  was  of  course  producing  light.  The  rest  of  the  tubes  were  sealed 
up  while  the  process  of  evacuation  was  going  on.  The  material  in 
these  tubes  was  not  producing  light.  At  an  interval  of  2  or  3  hours, 
one  of  these  tubes  was  opened  in  the  dark  room  to  see  whether  the 
material  produced  light  or  not.    In  doing  so  it  was  thou^t  that  the 
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exact  time  might  be  detected  at  which  the  material  qo  longer  pro- 
duced light.  But  as  table  3  has  shown,  the  results  were  coutradictory 
and  were  quite  contrary  to  the  writer's  expectation.  That  is  to  say, 
the  material  was  preserved  longer  in  the  air  than  in  the  vacuum. 
.  The  material  of  the  controls  of  the  second  kind  which  were  evacuated 
and  were  sealed  up  after  admission  of  air,  seemed  to  furnish  an  explana- 
tion to  the  riddle.  There  should  be  no  difference  in  the  durability  of 
light  between  the  first  and  second  controls  because  the  volume  of  air 
in  both  was  practically  equal.  But  perhaps  the  material  which  was 
temporarily  exposed  to  a  vacuiun  might  have  lost  some  water  during 
the  process..  The  loss  of  water  might  perhaps  have  shortened  the 
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endurance  of  the  light-producing  substance.  This  view  may  also 
explain  the  failure  of  experiments  in  which  all  the  material  was  sealed 
up  for  a  long  time  in  the  vacuimi  tubes.  It  may  be  asserted  as  prob- 
able, therefore,  that  water  is  necessary  for  the  production  of  light  by 
the  fire-fly. 

This  view  is  strengthened  if  the  following  fact  is  considered.  That 
is  to  say,  dried  crushed  luminous  oipms  of  the  fire-fly  produce  light, 
though  faint,  if  moistened.  The  fire-fly  seems,  however,  to  be  quite 
different  from  Cypridinas.  The  more  dried  the  longer  the  latter  is 
preserved,  while  the  dried  fire-fly  or  its  luminous  oi^an  is  preserved 
only  5  or  6  days.    That  is  to  say,  the  dried  luminous  organ  of  the 
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fire-fly  did  not  produce  light  after  5  or  6  days  even  though  moistened. 
A  question  arose  whether  the  luminous  organs  of  fire-flies  produced 
light  when  they  were  dead  if  moistened  or  not.  And  absolute  dryness 
of  the  organs  in  question  might  be  one  of  the  causes  of  death.  This 
idea  was  tested  but  no  decisive  results  were  obtained. 

The  effect  of  temperature:  Harvey  states  that  "Luciola  photogenin  is 
destroyed  at  about  42°,  while  the  photophelein  is  still  active  after  ten 
minutes  boiling"  (1,  p.  348).  The  writer  found  that  the  light  produced 
by  the  isolated  luminous  oi^ans  of  Luciola  vitticollis  disappeared  when 
heated  at  50°C.,  but  it  returned  ^ain  when  cooled.  The  return  of 
light  took  place  after  about  5  or  10  minutes  and  it  was  very  faint. 

BDMM.UIT   AND    CONCLOBION 

1.  The  material  used  for  experiments  was  a  Japanese  fire-fly,  Luciola 
vitticollis. 

2.  The  gases  used  for  experiments  were  Hi,  Ni  and  Ot. 

3.  New  methods  and  apparatus  were  contrived  to  purify  and  manip- 
ulate the  gases  to  fit  the  purposes  of  this  investigation. 

4.  The  isolated  luminous  organs  of  the  animals  produced  no  light 
in  Hi  and  Ni  or  in  vacuum.  The  oxygen  of  the  cells  or  tissues  of  the 
organs,  therefore,  seemed  not  to  be  used  for  the  production  of  light. 

5.  The  intensity  of  light  produced  by  the  isolated  luminous  oi^ans 
was  greatest  in  Oi  atmosphere,  next  in  air  which  was  introduced  after 
evacuation,  tlien  in  Ni  mixed  with  1  per  cent  of  Oi  and  last  in  cut. 

6.  The  isolated  luminous  oi^ans  of  sixty  females  which  were  placed 
in  58.52  cc.  of  (^  gave  off  5.66  cc.  COi  in  25  hours.  The  amount  of 
Of  consumed  was  6.01  cc. 

7.  Water  seemed  to  be  necessary  for  the  production  of  light  by  the 
isolated  luminous  organs. 

8.  The  light  produced  by  the  isolated  luminous  organs  disappeared 
when  heated  to  50°C.,  but  it  appeared  again  when  cooled. 

The  principal  conclusion  on  the  basis  of  the  experimental  results 
mentioned  above  is  that  the  production  of  light  by  Luciola  vitticollis 
is  an  oxidation. 
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This  series  of  papers  deals  with  the  regenerstioD  of  red  cells  and 
hemoglobin  following  simple  anemia  and  the  influence  of  diet  factors 
upon  this  reconstruction.  It  will  be  shown  that  the  curve  of  hemoglobin 
regeneration  can  be  influenced  at  will  by  various  diet  factors.  We  be- 
lieve that  it  is  desirable  to  mention  at  least  two  lines  of  investigation 
which  are  being  followed  in  this  laboratory.  To  determine  the  value 
of  various  food  factors  when  given  alone  or  combined  with  other  sub- 
stances. To  determine  further  the  few  or  many  substances  which 
promote  speedy  r^eneration  of  hemoglobin  and  red  cells  or  to  ascer- 
tain the  optimum  food  combinations  which  will  give  a  maximum  blood 
regeneration  following  simple  anemia.  Inorganic  substances  and  cer- 
tain drugs  are  being  investigated  and  this  work  will  be  presented  in  its 
proper  place.  Some  experiments  wiU  deal  with  splenectomized  dogs 
as  well  as  bile  fistula  dogs  but  we  prefer  to  present  at  a  later  time  the 
bulk  of  our  work  on  splenectomized  animals  which  deals  with  the  rela- 
tion of  splenectomy  to  blood  regeneration  under  fixed  experimental 
conditions.  A  preliminary  report  covering  a  part  of  this  anemia  work 
has  been  published  elsewhere  (1). 

This  work  on  blood  pigment  rt^eneration  forms  an  essential  part  in 
any  study  of  "pigment  metabolism  of  the  body."  It  is  obviously 
closely  related  to  a  study  of  bile  pigment,  excretion  which  was  first  taken 
up  in  our  work  and  has  been  reported  in  part  in  earlier  publications  (2), 
(3).    It  will  be  recalled  that  the  excretion  of  bile  pigments  may  be 
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influenced  or  modified  by  various  diet  factors.  For  example,  meat  will 
cause  iocrcased  flow  of  bile  but  a  decided  drop  in  total  bile  pigments. 
Carbohydrate,  on  the  contrary,  will  reduce  the  flow  of  bile  but  increase 
the  total  bile  pigment  output.  Decreased  functional  activity  of  the 
liver  is  associated  with  a  decided  fall  in  bile  pigment  elimination.  We 
have  assumed  on  the  basis  of  much  experimental  evidence  that  the  liver 
plays  a  constructive  r61e  in  the  bile  pigment  output.  We  hope  to  show 
the  same  relationship  on  the  part  of  the  liver  to  the  conatructive  mechan- 
ism of  blood  regeneration. 

We  wish  to  emphasize  that  a  curve  of  blood  pigment  regeneration 
cannot  be  established  without  accurate  determination  of  at  least  two 
factors, — hemoglobin  and  blood  volume.  With  a  knowledge  of  these 
two  factors  we  can  estimate  the  total  volume  of  hemoglobin  pigment 
in  the  body  circulation — the  "  pigment  volume."  Also  with  the  hemat- 
ocrit values  we  are  able  to  compute  the  total  volume  of  red  cells  in  the 
body  circulation.  Reasonably  accurate  methods  for  the  determina- 
tion of  circulatory  blood  volume  are  of  recent  development.  A  critical 
review  of  many  factors  in  this  blood  volume  work  and  comparison  of 
various  methods  have  been  published  from  this  laboratory  very 
recently  (4).  The  method  used  in  this  laboratory  for  accurate  determi- 
nations of  hemoglobin  has  been  recently  described  by  F.  S.  Robscheit 
(5). 

Practically  all  these  anemia  blood  regeneration  experiments  were 
performed  upon  dogs  bom  and  raised  in  our  kennels — a  bull  d(^  cross 
which  gives  a  very  active,  vigorous  and  healthy  laboratory  animal. 
Unless  otherwise  noted,  the  dogs  were  in  fine  normal  condition  during 
the  entire  experiment.  These  d<^  will  eat  the  food  mixtures  as  a  rule 
without  any  delay  or  wastage.  They  have  been  immunized  against 
distemper  and  are  kept  in  a  separate  room  to  obviate  any  cross  infec- 
tions by  transient  animals. 


The  blood  volume  method  used  in  these  experiments  has  been  de- 
scribed in  detail  elsewhere  (4) .  In  some  of  the  earlier  experiments  dry 
oxalate  was  used  for  blood  collection  instead  of  isotonic  fluid  oxalate 
and  in  these  experiments  the  calculated  blood  volume  is  too  high.  A 
note  will  be  made  in  all  such  experiments  as  a  correction  cannot  be 
introduced  because  the  amount  of  solid  oxalate  and  the  corresponding 
shrinkage  of  cells  was  an  unknown  variable. 
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It  m&y  be  stated  in  a  word  that  the  blood  volume  method  conaistB 
in  the  introduction  of  a  measured  amount  of  a  dye  "  briUiant  vital  red" 
into  the  blood  stream.  After  a  four  minute  period  the  dilution  of  the  . 
dye  in  the  plasma  is  colorimetrically  determined.  "Brilliant  vital  red" 
has  been  furnished  us  through  the  courtesy  of  Dr.  H.  M.  Evans  of  the 
Department  of  Anatomy  and  we  wish  to  acknowledge  many  favors  and 
valuable  advice  given  us  by  Doctor  Evans.  The  red  cell  hematocrit 
is  read  in  an  accurately  calibrated  centrifuge  tube  into  which  blood  has 
been  drawn,  using  an  isotonic  sodium  oxalate  solution.  It  is  then  a 
simple  matter  to  calculate  the  plasma  volume,  red  cell  volume  and  total 
blood  volume.  This  method  can  be  quickly  and  accurately  performed. 
It  causes  the  dog  a  minimal  degree  of  inconvenience,  only  that  due  to  a 
hypodermic  needle  puncture  of  a  vein,  and  the  loss  of  only  35  cc.  of 
whole  blood.  This  is  such  a  small  amount  of  blood  removed  from  the 
large  circulating  blood  volume  that  we  do  not  include  it  in  our  calcu- 
lations and  feel  that  no  secondary  anemia  factors  are  added  to  compli- 
cate the  reaction  curve  following  the  initial  bleeding. 

The  hemoglobin  determinations  are  made  by  means  of  a  modification 
of  Palmer's  method,  recently  described  in  detail  by  one  of  us  (5).  This 
insures  an  accurate  measure  of  the  hemoglobin,  as  relatively  large 
amounta  of  packed  red  cells  are  used.  In  some  of  the  earher  experi- 
ments the  Sahli  hemoglobin  tubes  were  used  and  in  some  instances 
these  tubes  had  faded,  giving  hemoglobin  values  which  were  too  high. 
The  base  line  of  any  experiment  although  too  high  will  not  disturb  the 
fairly  accurate  curve  of  regeneration  which  is  more  important.  A 
footnote  will  be  appended  to  all  experiments  in  which  the  Sahli  readii^ 
are  given. 

Red  and  white  cell  counts  are  made  in  the  routine  manner.  Identical 
counts  have  been  repeatedly  obtained  by  venous  puncture  and  from  a 
freely  bleeding  ear  puncture.  The  former  is  now  our  routine  procedure. 
The  simple  anemia  is  produced  in  the  following  manner:  A  simple 
blood  volume  is  performed.  The  next  day  the  dog  is  bled  one-fourth 
the  determined  blood  volume.  This  is  easily  done  by  inserting  a  needle 
into  the  jugular  vein  and  aspirating  the  blood  into  a  calibrated  fiask 
containing  oxalate.  The  following  day  the  same  amount  of  blood  is 
aspirated  in  exactly  the  same  manner.  During  these  two  bleeding  days 
and  the  next  resting  day  the  dogs  are  on  a  bread  and  milk  diet.  Fol- 
lowing the  resting  day  a  second  blood  volume  is  done  to  determine  tiie 
actual  amount  of  anemia  produced.  The  calculated  and  actual  figures  do 
not  correspond  but  too  many  factors  enter  this  equation  to  permit  a 
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discussioD  at  this  time:  for  example,  the  reserve  of  blood  cells  thrown 
in  from  the  marrow,  to  mention  only  one.  At  times  a  third  bleeding  ia 
'  necessary  if  the  reserve  has  been  too  great.  A  third  blood  volume  is 
then  done.  The  dog  is  then  placed  upon  a  fixed  diet  and  complete 
blood  volume,  hemoglobin  and  blood  cell  determinations  are  done  once 
each  week  thereafter.  Special  care  is  taken  to  insure  a  sufficient  food 
ingestion,  based  on  the  number  of  calories  and  nitrogen  intake.  The 
weight  curve  is  a  good  index  of  the  general  nutrition. 

The  dogs  are  kept  in  individul  cages  which  are  comfortable  and  of 
suitable  size  to  permit  of  much  exercise.  The  cages  are  cleaned  once 
daily  by  the  attendant,  but  all  feeding  is  done  by  the  person  in  chaise 
of  the  experiment.  The  mixed  foods  are  usually  eaten  at  once  when 
placed  each  morning  in  the  cage.  Fluids  are  usually  given  by  stomach 
tube.  Water  is  furnished  in  the  cage  at  all  times  except  in  metabolism 
experiments  when  it  is  usually  given  by  stomach  tube.  It  should  be 
emphasized  again  that  these  dogs  were  raised  in  the  laboratory  and 
are  therefore  healthy,  vigorous  and  very  active  at  all  times.  The  lab- 
oratory routine  disturbs  them  not  at  all  and  the  performance  of  the 
blood  volume  requires  only  a  few  minutes.  They  will  eat  all  manner 
of  food  mixtures  with  relish  and  alacrity.  Unless  otherwise  noted, 
these  dogs  are  in  their  usual  healthy,  active  condition  throughout  the 
entire  experiment.  "Mixed  diet"  in  these  experiments  indicates  a 
mixture  of  food  materials  obtained  from  the  University  Hospital,  con- 
sisting of  bones,  bread,  cooked  meat,  potato,  rice,  macaroni  and  general 
table  scraps. 

BXPGRIUENTAL   OBSERVATIONS 

The  dogs  used  in  most  of  the  experiments  tabulated  below  are  young 
animals  in  the  active  growth  period, — one  year  of  age  or  less.  Such 
animals  are  increasing  in  size,  weight  and  strength  and  the  demand  for 
tissue  building  or  growth  factors  is  acute.  It  is  therefore  of  interest  to 
keep  this  fact  in  mind  during  our  analysis  of  the  subsequent  experi- 
ments. It  mi^ht  be  assumed  that  the  reconstruction  of  red  cells  in  a 
rapidly  growing  animal  might  be  handicapped  by  the  tissue  demand 
for  normal  growth  factors.  On  the  other  hand,  it  may  be  argued  that 
the  growth  capacity  of  the  younger  organisms  might  be  greater  as  re- 
gards the  construction  of  tissue  cells,  including  the  red  cells.  When 
we  review  the  experiments  to  be  submitted  in  subsequent  communica- 
tioQs  it  may  be  stated  that  the  difference  between  the  adult  and  the 
young  dog  is  not  great  as  regards  the  capacity  of  the  animal  to  regener- 


,v  Google 


BLOOD   REQBNEBATION   FOLLOWINO   BIMFLE  ANEUIA 


155 


ate  new  red  blood  cells.  This  statement  applies  to  young  dogs  between 
6  and  12  months  of  age  and  takes  into  consideration  the  individual 
variations  which  are  met  with  in  different  d(^s.  It  is  possible  that 
this  statement  may  not  hold  for  pups  less  than  6  mouths  of  a^e.  In 
general  we  may  be  safe  in  stating  that  if  there  is  any  difference  between 
young  and  adult  dogs,  there  is  a  slight  difference  in  favor  of  the  adult 

TABLE  1 

Blood  regeneration — mixed  diet.    Dog  I9-9S.    Buit  pup,  fematt,  age  IS  montht 


■  e 

t. 

3 

3 

i 

ii 

I 

I 

•i 

& 

s 

i 

It 

1 
I 

-— " 

cc. 

cc. 

„. 

cmt 

IZ 

iem. 

«. 

8/11 

1780 

1280 

580 

688 

53.7 

139 

0,91 

7,6 

16,2 

12.6 

101 

8/12 

Diet:  Bread  and  milk 

afi2 

Bled  320  cc.    Slight  distreaa.    Injecti 

nlOO 

cc.  N/1   Bft 

t  Bolution 

8/13 

Bled  320  cc.    No  diatroas 

8/16 

614|    9e6J732  [249  |25.3{    62  |  0.97 

3,2 

12,8|  13.0 

76  ]  Normal 

8/15 

Diet:  Mixed  diet 

8/21 

658 

1023 

716 

292 

28.5 

64 

0.80 

4,0 

6,2 

13.25 

77 

Diet  poor 
in  meat 

8/28 

962 

121( 

728 

465 

38.^ 

79 

0.6S 

5,7 

10.E 

13,3 

91 

9/4 

1280 

1308 

724 

572 

43.7 

■  98 

0.82 

6,0 

10,0 

14.1 

93 

More  meat 
in  food 

9/11 

1538 

142( 

673 

733 

51 -( 

108 

O.ft 

84 

8,S 

14.3 

99 

9 /If 

1612 

1355 

644 

70O 

51.1 

119 

W.Bf 

8,7 

10,-! 

14.5 

94 

9/2S 

172f 

144^ 

681 

74H 

m.i 

120 

0.61 

8,7 

12,t 

15.5 

93 

10/2 

1830 

1490 

875 

793 

63,2 

123 

0.72 

8,5 

12,0 

15.7 

05 

dogs  who  at  times  seem  to  show  a  slightly  shorter  period  of  blood 
regeneration  under  similar  circumstances. 

The  first  three  eitperiments  (tables  1,  2  and  3)  were  performed  upon 
three  young  dogs  of  the  same  litter,  all  of  the  same  weight,  activity  and 
general  appearance.  It  will  be  observed  that  there  are  individual  dif- 
ferences even  under  these  favorable  conditions.  It  is  possible  that 
some  of  this  variation  may  be  explained  by  individual  preferences  of  the 
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different  dogs  for  various  food  factore.  Tbey  were  all  given  an  excess 
of  mixed  food  from  which  of  course  they  could  pick  out  the  bits  of  food 
which  they  preferred.  During  much  of  this  diet  experiment  the  "mixed 
food"  was  poorer  than  usual  in  meat  and  bones.  This  explains  the  fact 
that  the  period  of  blood  r^eneration  appears  somewhat  longer  than 
in  some  of  the  subsequent  experiments.  The  explanation  for  this  fact 
is  found  in  paper  IV  of  this  series,  which  shows  the  remarkable  efficiency 
of  a  meat  diet  in  promoting  blood  regeneration. 


Experimenlal  hixtory.    Dog  19-93 


».™ 

BIOOD 

w..o^ 

vss 

EW.'T 

IVM. 

Begin  1/16/19 
Bled  590  cc. 
End  3/7/19 

Rice,  potato, 
milk 

1435 
594 
1098 

126 
86 
113 

10.95 

10,25 
10.35 

Born  July  11, 1918 
tionSweeks 

Begin  3/17/19 
Bled  502  cc. 
End  4/30/19 

Rice,  potato, 
milk      (re- 
peat) 

1040 
566 
1313 

89 
107 

11.36 
11.15 
11.15 

Table  42 

Complete    regenera- 
tion 4  weeks 

Begin  8/11/19 
Bled  640  CO. 
End  10/2/19 

Mixed  diet 

1780 
614 

1830 

101 
76 
95 

12.6 
13.0 
15.7 

Table  1 

It  is  to  be  noted  that  all  these  three  dogs  increased  markedly  in  body 
weight.  It  should  be  stated  that  this  was  a  general  growth  with  increase 
in  size,  length  of  limb  and  body,  not  merely  a  deposit  of  fat.  One  is  not 
surprised  to  note  a  gradual  increase  in  blood  and  plasma  volume  during 
the  experiment.  The'  total  volume  of  red  cells,  hematocrit  reading  of 
red  cells  and  hemoglobin  follow  curves  which  are  parallel.  The  color 
index  is  almost  constantly  between  0.65  and  0.85  and  there  is  not  a  very 
strong  tendency  in  these  experiments  for  the  color  index  to  drop  much 
below  normal  in  the  first  two  weeks  following  the  hemorrhf^e.  We 
shall  not  attempt  at  this  time  to  discuss  the  fluctuations  in  white  blood 
cells  which  are  tabulated. 
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The  "pigment  volume"  is  a  convenieDt  and  expressivt  term  which 
indicates  the  total  volume  of  circulating  or  effective  blood  pigment  in 
the  blood  stream  at  the  time  of  estimation  of  blood  volume  and  hemo- 
globin. The  jngmenl  volume  is  the  product  of  blood  volume  times  per 
cent  hemoglobin.     In  all  tables  the  pigment  volume  is  the  first  value 

TABLE  2 
Blood  Tegentralion — mixed  diet.     Dog  t9Si.     Bull  pup,  female,  age  13  monlka 


■  a 

^ 

ill 

3t3 

i 

\ 

1 

! 

<; 

1 

I 
i 

RIHAKU 

a 

ii 

il 

li 

■ 

' 

1 

«. 

«c. 

«. 

Itnt 

P" 

kern. 

«, 

8/11 

1705 

1242 

572 

658 

53.0 

137 

0.78 

8,8 

7fi 

11,0 

113 

8/11 

Diet:  Bread  and  milk 

R/I2 

Bled  310  cc. 

8/13 

Bled  310  cc.     No  distress 

8/15 

540|  lOOOJ  761  1  230  1  23.0 

54  1  0.84|  3,2 

6.4JI3.5 

7, 

Nonnal 

8/15 

Diet:  Mixed  diet 

8/21 

686 

1090 

768 

306 

28.1 

63 

0.67 

4,7 

8,6 

13.65 

80 

Diet  poor 
in  meat 

Rt2f 

SOT 

IIW 

812 

370 

31 .( 

67 

Q.lf 

4.3 

6.0 

13.4 

89 

9/4 

972 

1292 

843 

443 

34.3 

75 

0,66 

5.7 

12,0 

13.9 

93 

More  meat 
in  diet 

fl/n 

1032 

132S 

836 

489 

36i 

78 

0.67 

5,8 

8,2 

14.0 

95 

»n* 

10ti2 

1205 

:;« 

4tt5 

:w.5 

88 

O.HH 

6,4 

6,2 

13.8 

X7 

nra.'i 

1221! 

1295 

730 

524 

40  ■! 

95 

0.6»f 

7.0 

7,8 

14.45 

90 

10/2 

1298 

1276 

710 

5M 

43,4 

102 

0,74 

6,9 

17,4 

14  55 

88 

More  meat 
in  diet 

10/9 

ISH 

146; 

827 

624 

42  E 

104 

0.7a 

7,1 

13,6 

15.5 

95 

10/23 

1550 

1463 

823 

620 

42  4 

106 

0  74 

7,2 

8,8 

16.25 

90 

given  as  we  believe  it  gives  the  best  general  index  of  the  curve  of  blood 
regeneration. 

Table  2,  dog  19-94  is  an  experiment  with  a  dog  presenting  some  un- 
known abnormal  factor.  This  dog  at  times  shows  an  eosinophilia  yet 
only  an  occasional  parasite  ^g  can  be  demonstrated  in  the  feces. 
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Treatment  by  oil  of  cbeaopodium  and  santonin  has  yielded  no  resultB. 
The  dog  i3  not  as  well  nourished  as  the  others  of  this  litter  and  at  times 
presents  a  slight  relative  degree  of  anemia.  This  fact  is  to  be  consid- 
ered in  a  study  of  the  abnormally  slow  blood  regeneration  in  this  dog. 
In  spite  of  this  the  dog  gained  about  eleven  pounds  during  the  course 
of  the  experiment.    ■ 

Table  3  at  the  start  of  the  experiment  shows  the  remarkably  high 
figure  (152  per  cent  hemoglobin)  which  may  be  observed  in  normal  dogs. 
Red  blood  coimts  of  7  to  9  millions  arc  the  rule. 


Experimental  Mslorij.     Dog  19-94 


oier 

>»^°T.a» 

..,.„ 

^rSi' 

BloDdper 

kiloCTHDI 

ktm. 

Begin  1/16/ig 
Bled  ffi»  cc. 
Ead  3/7/10 

Bread,       300 
grams,  milk 
500  cc. 

1250 
462 
899 

126 

S4 
94 

10.65 
10,00 
11.70 

Born  July  11, 1918 

Maximum  regenera- 
tion 5  weeks 

Begin  3/17/19 
Bled  608  cc. 
End  4/30/19 

Bread,       300 
grams,  milk 
500  cc.  (re- 
peat) 

1146 
542 
1031 

78 
99 

13.05 
12,40 
13,20 

Tabic  27 

Maximum  regenera- 
tion 5  weeks 

Begin8/ll/19 
Bled  620  cc. 
End  10/23/19 

Mixed  diet 

17Q5 
540 
1550 

113 
74 
90 

11.00 
13.5 
16.25 

Table  2 

October  9.  Two  doses  of  oil  o!  chenopodium,  48  hours  apart.  Few  ova  found. 
No  nomiB  expelled.    Last  dose  followed  by  santonin  mixture.    No  effect. 

Table  4  shows  an  experiment  upon  a  young  dog  (6  months)  in  which 
one  week's  diet  of  rice,  potatoes  and  milk  followed  the  bleeding — then 
the  usual  mixed  diet.  The  dog  did  not  eat  the  rice,  potato  and  milk 
diet  and  lost  much  weight.  Also  she  developed  signs  of  mild  distem- 
per, but  this  soon  cleared  up  after  being  put  on  a  liberal  mixed  diet. 
There  web  then  a  rapid  gain  in  weight  as  well  as  in  blood  regeneration. 
The  leucocytosis  is  probably  to  be  explained  by  the  mild  infection  with 
distemper.  The  total  regeneration  of  red  cells  is  complete  in  one 
month. 
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Blood  regeneraiion — mixed  diet.    Dog  19-95.     Bull  pup,  female,  age  IS  monthi 


■  a 

5 

2 
S 

1 

1 

i 

1 

i 

1 

1 

» 

a 

9 
1 

"-*-" 

,«. 

«. 

«. 

5S 

P" 

kgm. 

«. 

8/11 

2088 

1369 

S68 

794 

58,0 

152 

0,88 

8,6 

10,4 

13.2 

104 

8/11 

Diet:  Bread  and  milk 

S/12 

Bled  342  CO. 

8/13 

Bled  342  CO.    No  diatresa 

8/15 

750J  1005]  700  [  300  1  2».8|    74  |  1 .03|  3,6 

8,4|l3.65 

74 

Normal 

.8/15 

Diet:  Mixed  diet 

8/21 

843 

1106 

728 

367 

33,2 

76 

0.93 

4,1 

17,8 

14,2 

78 

Diet     poor 
io  meat 

8« 

82f 

lOM 

747 

414 

35.5 

78 

0.75 

5,2 

10,2 

14.0 

81) 

9/4 

954 

124f 

814 

423 

34  .< 

77 

0.71 

5.4 

1U,0 

14.65 

95 

iMore  meat 
1      in  diet 

B/11 

ISlf 

133f 

726 

flOO 

44.f 

98 

0.65 

7,5 

13,2 

14.6 

92 

»/l) 

1325 

124£ 

674 

5^ 

44.4 

107 

0.74 

7,2 

16,0 

14.65 

85 

9/2S 

vm 

1412 

678 

720 

61 .( 

122 

0,74 

8,2 

13,0 

15.25 

93 

10/2 

187^ 

141C 

618 

779 

55.2 

133 

0,75 

8,8 

16,4 

15.45 

91 

10/9 

1855 

1343 

664 

676 

50.3 

123 

0,66 

9,0 

14,4 

15.70 

86 

TABLE  J-B 

Experimental  hietory.     Dog  19-9S 


.„ 

bbqihisitidm' 

,.0^ 

^sr^' 

Blood  par 
kilo^BDi 

ktm. 

Begin  1/16/19 
Bled  564  cc. 
End  3/7/19 

Rice,  potato, 
milk 

1232 
560 
983 

100 

75 
90 

11.35 
11.00 
11,20 

Bora  July  11,  1918 

Complete    regenera- 
tion 5  weeks 

Begin  3/17/19 
Bled  566  cc. 
Ead430/lfl 

Rice,  potato, 
milk      (re- 
peat) 

1092 
570 
1237 

88 
75 
98 

12,80 
12.45 
11.95 

Table  41 
tion  5  weeks 

Begin  8/11/19 
Bled  684  cc. 
Endl0/*/19 

Mixed  diet 

2088 
750 
1655 

.104 
74 

86 

13.20 
13,65 
15,70 

Table  3 

Maximum  regenera- 
tion 7  weeks 

,,Google 


Bloot 

re(ien«T-aiion— mtied  diei   (/oUowino  n 

M,  potatoes 

and 

milk) 

Dog  19-98. 

Bull  pup,  female,  age  6  numthe 

S 

a 

1 

I 

3 
t 

s 

1 
f 

^ 

1 

I 

.„^ 

«. 

« 

«. 

S^ 

CtHt 

kgm. 

«. 

1/16 

1200 

1025 

483 

540 

52.3 

117 

0.58 

10.1 

20,8 

10,15 

101 

1/16 

Diet:  Crackenne«l  and  milk 

1/17 

Bled  256  cc. 

1/18 

Bled  266  cc.  No  distress 

1/20 

5I4{    778|  574  {  196  j  25.2|    66  j  l.ioj   3,0  {  16,0  {  9.75|    SO  |  Nonnal 

1/20 

Diet :  Boiled  rice,  200  grams;  poUtoes,  200  grams,  milk,  500  cc. 

1/27 

422 

826 

604 

218 

26.4 

51 

0,48    5,3 

12.4 

8.60 

96     Mild      dis- 
temper 

1/27 

Changed  to  mixed  diet* 

2/3 

765 

915 

554 

357 

39.0 

84 

0.67 

6,3 

15.8 

10-1 

91 

Recoverod 
from  dis- 
temper 

a/iu 

lOUJ 

low 

574 

500 

46. f 

M 

0.65 

7,2 

12,0 

.1.36 

95 

2  in 

1243 

124£ 

646 

584 

47 .( 

100 

0.71 

7,0 

12,8 

,1,80 

105 

2/28 

1288 

1108 

6»7 

554 

50.0 

116 

o.ra 

8,0 

9,2 

11.96 

93 

*  Developed  mild  cose  of  distemper.    Refused  to  eat  rice  and  pot&toes. 

TABLE  !-■ 
Ezpen'ttMnfoI  hittory.     Dog  19-98 


..„ 

■LOOP 

waiaiT 

%;r 

SE^r 

tgm. 

Begin  1/16/19 
Bled  512  cc. 
End  2/28/19 

Rice,        potato, 
milk      for      1 
week.     Mixed 
diet  for  4  weeks 

1200 
514 
1288 

101 
80 
93 

10.15 
9.75 
11.95 

Born  July  14, 1918 
Table  4 

B(«iii  3/17/19 
Bled  620  cc. 
End  4/30/19 

Rice,       potBt<r, 
milk 

1520 
527 

778 

92 

72 
96 

13.50 
12,40 
9.90 

Table  44 

Maximum  regen- 
eration    weeks 

Begin  8/11/19 
Bled  668  cc. 
End  10/2/19 

Mixed  diet 

1750 
650 
2012 

98 
72 
08 

13.65 
13,36 
16.45 

Table  6 
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Table  5  shows  a  second  experiment  on  the  same  dog,  19-96,  given  in 
table  4.  The  first  experiment  was  done  at  the  age  of  6  months  and  this 
experiment  at  the  age  of  13  months.  The  period  of  blood  regeneration 
is  longer  in  this  experiment  as  we  believe  the  correct  explanation  is  the 
low  meat  content  of  the  mixed  diet  during  this  period.    This  was  also 

TABLES 
Blood  regeneration — mixed  diet.     Dog  19-96.     Bull  pup,  female,   age   IS  month* 


1 

1 

1 
III 

I 

1 

I 

b 

i 

1 

\ 

j 

J 

\ 

.„™ 

«. 

„. 

«. 

f*t 

v<r 

iam.. 

«. 

8/11 

1750 

1335 

658 

670 

50.2 

131 

0-90 

7.3 

14,6 

13.65 

98 

sni 

Diet :  Bread  and  milk 

8/12 

Bled  334  cc. 

8/13 

Bled  334  cc.    No  dietresB. 

8/15 

650|    064[  684  1  275  1  28.5 

67  [0.90[   3,7  [  21,6  |l3.35 

72 

Norma) 

8/15 

Diet:  Mixed  diet 

8/21 

660 

993 

686 

297 

29.9 

66 

0.80 

4,1 

12,0 

13.9 

71 

Diet     poor 
in  meat 

8/21 

801 

1155 

770 

368 

31  .t 

69 

0.6C 

5.2 

12,4 

14.05 

82 

»(4 

tOR' 

vm 

852 

474 

■X,A 

79 

VI. n 

5,S 

16.2 

14.7 

91 

iMore  meat 
/     in  diet* 

9(11 

t25.S 

134( 

742 

596 

43.'! 

94 

0-64 

7,3 

18.2 

14.65 

91 

9/li 

134* 

1225 

fti9 

fi75 

46. ( 

110 

0-65 

8,5 

10,8 

14.85 

83 

9/25 

1511 

1280 

634 

630 

49.2 

118 

O.M 

10,0 

9,6 

14. 9C 

86 

10/2 

2012 

1517 

665 

846 

55.7 

133 

o.ee 

9,8 

14,0 

15.45 

98 

*  Poikilocytosis  of  red  cells  of  moderate  degree.  Experimental  history,  table 
4-b. 

noted  in  tables  1,  2  and  3,  which  experiments  were  all  done  at  the  same 
time.    Our  experiments  are  usually  carried  out  in  groups  of  four. 

Table  6  illustrates  several  points.  This  dog  had  been  under  obser- 
vation for  some  time  under  a  variety  of  dietary  conditions  (see  experi- 
mental history — table  6-b).  A  period  of  sugar  feeding  gave  no  blood 
regeneration  (refer  to  table  16  in  the  following  paper)  and  2  weeks  of 
meat  feeding  had  caused  a  considerable  rise  in  the  pigment  volume. 
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The  increase  in  pigment  volume  brought  this  figure  back  to  normal  in 
4  weeks  of  mixed  diet.  The  blood  volume  figures  are  based  on  deter- 
minations made  with  dry  oxalate.  This  procedure,  as  has  been  pointed 
out,  causes  a  shrinkage  of  cells  and  a  dilution  of  the  dye  which  gives 
blood  volume  figures  abnormally  high.  Note  that  the  blood  volume 
figures  per  kilo  are  100  to  136  cc.  Thisfactmay  account  for  some  of  the 
fluctuations  in  the  estimated  plasma  volume. 


Blimd  regeneration — mixed  diet  (JMoaring  melaboliim  experiment).    Dog  17-8 
Bull  dog,  female,  adult 


i 

pi 

1 

i 

s 

1 

•> 

■ 

M 

.b 

i 

5 

>i 

i 

3 

REM  ABU 

«. 

„. 

« 

^.:. 

^ 

k^. 

«. 

1/19 

1620 

1500 

600 

900 

60 

108 

0.76 

7.1 

7,4 

11.60 

129 

Diet :  Sugar  diet,  January  19  to  February  23.     Lean  meat  diet,  February 

23  to  March  10.    Mixed  diet,  March  10  to  May  7.   {Refer  to  Ubie  16) 

3/16 

lOlO 

1246 

735 

511 

41 

81 

0.64 

6,3 

7,2 

10.40 

119 

Good  con- 
dition 

3B 

97: 

U5t 

(560 

498 

43 

84 

0.* 

6,6 

10,6 

fl9( 

lie 

4  m 

m( 

1«« 

7.17 

888 

M 

116 

0.71 

K,2 

22,0 

12.W 

i:{4 

4B( 

I3R.5 

126( 

630 

630 

sa 

110 

0.61 

S.3 

9,8  12.601  100 

5/7 

1895 

1709 

769 

940 

55 

HI 

066 

8,4 

13,2  12,60   136 

Good  con- 
dition 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

Table  7  is  placed  in  this  paper  to  give  a  comparisoii  between  the  mixed 
diet  experiments  and  fasting  periods.  It  will  be  noted  that  during 
this  fasting  period  the  blood  regeneration  is  very  slight.  This  point 
will  be  discussed  at  length  in  the  next  paper. 

DISCUSSION 

From  a  review  of  the  tables  it  is  at  once  obvious  that  the  piffmetU 
volume  and  total  red  cell  volume  after  hemorrhage  are  below  the  expected 
values.    There  are  several  obscure  factors  in  this  reaction  which  call 
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TABLE  t-B 

Experimental  hutory.    Dog  l7-t8 


^^'J 

:^„o» 

"" 

""" 

^e 

?^^ 

»tm 

Bt^n  9/13/16 

Bread  and  milk 

8.4 

No  blood  volume 
data  given 

Bled  450  cc. 

8.4 

End  10/25/16 

8.8 

Hb.  and  R.B.C. 
back  to  normal 

Begin  1/19/17 

Sugar  and  metab- 

1620 

129 

11.6 

Table  16 

Bled  750  cc. 

549 

87 

10.4 

Lean  beef  diet  2 
weeks  followed 
by  mixed  diet. 
Table  6 

End  2/23/17 

541 

117 

8.0 

Begin  5/7/17 

Sugftr  +  R.B.C., 

1895 

136 

12.5 

Table  76 

Bled  864  cc. 

594 

76 

12.0 

End  6/18/17 

1085 

154 

8,3 

Put  on  bread  and 
milk  diet 

Begin  9/11/17 

Sugar  2  weeks 

1650 

113 

14.0 

Bled  794  cc. 

Sugar  2  weeks  + 

751 

.84 

13.5 

End  10/19/17 

diamino-acid 
of  gelatin 

1040 

106 

10.0 

Beef  heart  8 
weeks,  mixed 
diet  3  weeks 

Begin  8/3/18 

Desiccated  kid- 

1739 

73 

17.65 

Bled  949  cc. 

ney,  bread  and 

792 

62 

16.50 

{3  bleedings) 

End  6/28/18 

milk 

1300 

74 

16.10 

Begin  8/9/18 

Sugar   and   Hb. 

2417 

93 

17.00 

Table  80 

Bled  1076  cc. 

intraperitone- 

756 

66 

15.90 

(3  bleedings) 

End  11/13/18 

ally 

2000 

106 

15.06 

Begin  12/2/18 

Ijean  meat  and 

2118 

105 

15.70 

Table  61 

Bled  1140  cc. 

gelatin 

708 

82 

16.05 

(3  bleedings) 

Endl/22A9 

1380 

99 

14.65 

Begin  5  fl /IS 

Fasting 

2018 

97 

15.90 

Table  14 

Bled  980  cc. 

763 

71 

14.75 

(3  bleedings) 

End  5/21/19 

1007 

86 

11.50 

Found  dead. 
Renal  calculi 
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for  discussion.  Let  us  take  a  type  experiment  with  simple  values.  A 
dog  with  a  hemoglobin  of  100  per  cent,  hematocrit  of  50  per  cent  and 
blood  volume  of  600  cc.  will  have  a  pigment  volume  of  600.  On  two 
Buccessive  days  the  dog  is  bled  one-fourth  of  the  estimated  blood  voU 
ume.  Allowing  for  replacement  of  plasma  which  is  known  to  take 
place,  we  should  expect  after  these  bleedings  a  hemoglobin  of  55  per 

TABLET 

Blood  regeneralion— failing.    Dog  17-17.    While  bull  mongrel,  female,  adult 


;,! 

2 

1 

i 

1 

j 

j 

^ 

SI 

\ 

a 

i 

8 
1 

.«.^ 

■ 

B 

" 

a. 

«. 

«. 

tSu 

PJ 

kim. 

«. 

3/n 

2I0( 

150C 

735 

766 

51 

140 

0.09 

'.1 

10,4 

1.->.8 

95 

3/13 

W27 

1122 

S61 

561 

50 

145 

1.03 

7.0 

8,0 

15.7 

72 

• 

3/13 

Diet:  Bread  and  milk 

3fl3 

Bled  375  cc.    No  distreu 

3/U 

Bled  375  cc.    No  diatresB 

3/16 

lOOSj  lliej  770  I  346  I    31  |    90  {  1.05|  4,3 

12,4  1  15-5 

72|           ■ 

3/16 

Fasting  begun 

3/22 

HAS 

1163 

726 

427 

37 

101 

0.90 

6,6 

6,8 

13.8 

76 

. 

3/2( 

ins 

l(r7l 

656 

419 

39 

101 

U.ff 

7,5 

6,2 

12.: 

as 

• 

iH 

I2i: 

105. 

622 

433 

41 

115 

0.65 

8,8 

6,8 

11.1 

91 

• 

4/10 

1240 

lOOO 

620 

380 

38 

124 

0.95 

6,7 

6,2 

10,7 

93 

ErcelleDt 

*  Slight  aniBocytosis. 

Blood  volume  with  dry  ox&l&te.    HemoglabiD  by  Sahli  tubes.    Experimental 
history,  table  15-b.    See  below. 

cent  and  total  volume  of  red  cells  165  cc.  The  plasma  is  constant  under 
such  conditions  and  will  be  as  normal,  300  cc.  volume.  The  blood 
volume  therefore  is  465  cc.  and  pigment  volume  256  (465  X  0.55)  which 
IB  43  per  cent  of  tKe  pigment  volume  at  the  beginning  of  the  experi- 
ment. If  there  is  no  reserve  red  cell  influx  we  should  expect  a  red  cell 
volume  of  55  per  cent  and  a  pigment  volume  of  43  i>er  cent  normal  fol- 
lowing two  bleedings  of  one^ourth  the  total  blood  volume.    The  tables 
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show  figures  which  are  consistently  below  the  expected  values.  This 
calls  for  a  broad  discussion  of  the  various  methods  of  blood  volume  de- 
termination and  possible  errors  inherent  in  the  various  methods.  We 
do  not  wish  to  review  all  these  points  at  this  time  but  hope  soon  to  do  bo 
in  connection  with  experiments  dealing  with  the  actual  technique  of 
blood  volume  determination. 

Two  possibiUties  are  to  be  mentioned,  however,  in  this  discussion. 
First  the  blood  volume  values  may  be  too  high,  calculated  by  the  dye 
method,  and  the  actual  bleedings  represent  more  than  50  per  cent  of 
the  total  blood  volume.  Second,  the  possibility  that  the  body  has  the 
power  to  modify  the  ratio  of  cells  to  plasma  in  different  parts  of  the  body 
under  normal  or  abnormal  conditions.  It  is  easy  to  mention  these  two 
possibiUties  but  very  difficult  to  adduce  experiments  which  are  conclu- 
sive. For  example  in  the  abnormal  condition  of  shock  it  seems  clear 
that  there  is  a  remarkable  disturbance  in  the  ratio  of  cells  to  plasma  in 
different  parts  of  the  body. 

It  may  not  be  wise  to  pursue  this  question  further  but  best  merely  to 
call  the  reader's  attention  to  the  fact  that  there  is  a  discrepancy  be- 
tween the  expected  and  actual  values  for  red  cell  volume  and  pigment 
volume  after  imit  hemorrhages.  This  point  will  be  taken  up  agEun. 
The  pigment  vduvfe  figures,  however,  give  a  clear-cut  index  of  the  curve 
of  blood  regeneration. 


The  term  pigmerU  volume  used  in  these  papers  is  equivalent  to  blood 
volume  times  per  cent  hemoglobin.  This  means  the  volume  of  avail- 
able red  cell  pigment  circulating  in  the  body  at  the  time  of  blood  volume 
determination. 

Given  a  uniform  degree  of  anemia  we  may  observe  the  curve  of  red 
blood  cell  r^eneration  as  infiuenced  by  a  variety  of  diet  factors.  Ane- 
mia is  produced  by  bleeding  the  dog  one-fourth  of  the  determined  blood 
volume  on  each  of  two  successive  days. 

Under  these  experimental  conditions  a  diet  of  mixed  table  scraps 
will  eEFect  complete  blood  regeneration  to  normal  in  a  period  of  4  to 
7  weeks. 

Under  similar  experimental  conditions  there  will  be  little  blood 
regeneration  during  a  fasting  period — mainly  a  maintenance  factor 
equivalent  to  the  normal  daily  wastage  of  red  cells. 
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II.  Fabtino  Coupabbd  with  SnoAR  Feeding 
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That  there  is  a  distinct  differeDce  between  the  blood  regeneration 
during  fasting  periods  as  compared  with  sugar  diet  periods  cornea  out 
from  an  analysis  of  the  experiments  given  below  (table  25-a).  This 
difference  in  blood  r^^eration  is  not  great  but  ia  distinctly  in  favor  of 
the  fasting  condition,— in  other  words,  o  dog  wiU  form  more  red  celh 
and  hemoglobin  during  a  fasting  period  Vtan  during  a  similar  period  of 
suj/ar  feeding.  In  neither  case  is  any  nitrt^enous  material  taken  into 
the  body,  so  whatever  hemoglobin  and  red  cell  stroma  may  be  formed 
must  be  constructed  in  the  body  from  body  protein  or  protein  split 
products.  The  well  known  "sparing  action  of  carbohydrates"  must  be 
considered  in  the  analysis  of  these  experiments  given  below.  It  appears 
that  these  experiments  can  be  explained  most  satisfactorily  on  the  basis 
of  a  certain  protection  or  sparing  of  body  protein  on  the  part  of  the 
sugar,  associated  with  a  definite  amount  of  conservation  of  protein  split 
products. 

Having  established  the  curve  of  blood  regeneration  which  is  the  result 
of  a  mixed  diet  subsequent  to  the  anemia  period,  we  wish  to  present 
experiments  to  show  the  type  reaction  associated  with  fasting  or  sugar 
feeding.  In  making  any  analysis  of  results  it  is  necessary  to  know  how 
much  reserve  capacity  the  normal  dog  possesses — how  much  regenera- 
tion of  red  cells  or  hemoglobin  can  be  effected  during  periods  of  fasting 
or  sugar  feeding.  We  must  take  into  consideration  too  the  daily  wear 
and  tear  of  the  red  cells  which  is  not  an  accurately  established  factor. 
We  do  not  know  the  life  history  of  the  red  cell  in  the  normal  or  anemic 
dog.  We  do  know  the  duration  of  life  of  the  red  cell  in  the  normal 
human  being  (1),  but  this  life  cycle  may  be  different  in  disease.    The 
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dog's  red  cells  are  extremely  fragile  and  this  may  or  may  not  indicate  a 
shorter  life  cycle  for  dog  than  the  established  30-day  period  for  normal 
human  beings.  Data  on  this  point  are  very  much  to  be  desired  but  in 
their  absence  we  must  postulate  an  unknown  factor  of  red  cell  or  hemo- 
globin replacement  which  ia  present  in  all  our  tables. 

Any  diet,  therefore,  which  is  capable  of  giving  a  rising  curve  of  blood 
regeneration  following  simple  anemia  is  doing  two  things.  The  diet  is 
responsible  for  a  replacement  of  the  red  cells  (3  to  5  per  cent  per  day) 
which  are  worn  out  day  by  day,  as  well  as  the  rise  in  general  level  of  red 
cell  volume  above  the  anemia  level.  For  the  sake  of  analyis  we  may 
assume  that  the  replacement  value  for  himian  beings  and  dogs  is  the 
same — about  3  per  cent  per  day  or  complete  replacement  of  the  total 
volume  of  red  cells  in  approximately  30  days.  Under  most  favorable 
conditions  we  may  see  the  volume  of  red  cells  regenerate  from  an  ane- 
mia level  of  one-third  or  one-half  normal  back  to  100  per  cent  within  4 
or  5  weeks.  To  supply  a  deficit  of  50  to  65  per  cent  of  its  red  cell  volume 
the  body  requires  30  days  or  more  over  and  above  its  muntenance  of 
red  cell  wastage.  This  wastage  (wear  and  tear  of  red  cells)  in  human 
beings  may  be  100  per  cent  in  30  days.  This  indicates  the  importance 
of  this  replacement  factor  and  further  emphasizes  the  fact  that  our 
ciuTes  show  the  reaction  of  the  body  in  excess  of  this  wastage  or  replace- 
ment value. 

When  we  note  a  falling  curve  of  hemoglobin  and  red  cells  after  a  loi^ 
diet  period  we  need  not  hastily  postulate  hemolysis  or  blood  destruction 
from  some  hypothetical  toxin.  It  may  be  safer  to  consider  the  possi- 
bility that  the  body  can  form  no  more  hemoglobin  or  red  celb  to  repair 
the  daily  wastage.  Even  the  replacement  fraction  is  not  being  supplied 
and  the  curve  subsides  gradually  depending  upon  the  life  cycle  of  the 
red  cells  remaining. 

EXPERIMENTAL   OBSERVATIONS 

The  experimental  procedures  have  been  described  in  detail  in  the 
preceding  communication.  The  majority  of  these  dogs  have  been  un- 
der observation  in  the  laboratory  since  birth  and  we  have  studied  their 
reaction  to  simple  anemia  following  hemorrhage  as  influenced  by  a 
variety  of  diets.  Some  of  these  observations  precede  and  others  follow 
these  tabulated  fasting  or  si^ar  feeding  experiments.  The  experimental 
histories  given  with  each  animal  give  a  review  of  the  many  experiments 
done  on  the  same  dog.    The  value  of  comparison  under  these  conditions 
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is  greater  than  obtains  in  a  series  of  isolated  experiments.  The  dogs 
were  all  very  fat  and  well  nourished  at  the  beginning  of  these  experi- 
ments and  were  able  to  tolerate  the  fasting  or  sugar  periods  without 
disturbance  of  health  or  activity. 

During  the  metabolism  experiments  the  dogs  were  kept  in  standard 

metabolism  cages  constructed  with  sharp  pitch  of  the  cage  bottom  to 

insure  rapid  and  complete  drainage  of  urine.     The  dogs  were  catheter- 

.  ieed  every  24  hours  and  the  catheterized  specimen,  bladder  washings 


Blood   regeneralii 


— /a»(!iii7^me(a6oIi»m — tpleneclomy.     Dng    17-37.     White    bull 
mongrel,  female,  age  10  month* 


■    S 

i 

1 

j 

5 

i 

I 

! 

S 

f 

i 

\ 

» 

I 

s 

«. 

«. 

«. 

|Mr«nl 

per  anl 

kern. 

cc. 

3/26 

927 

S50 

459 

391 

46 

109 

0.80 

6,8 

9,4 

10 .60 

80 

3/26 

Diet:  Bread  and  n 

itk 

a!2>t 

Bled  212  cc. 

3/29 

Bled  212  cc. 

3/30 

313  1    628  1    451 

175 

28 

fiO  1  0.68 

3,7 

15,4 

10.40 

60 

3/30 

Fasting  begun 

4/2 

403 

651 

475 

176 

27 

62 

0.74 

4.2 

6,4 

9.50 

70 

4/9 

492 

769 

500 

269 

35 

64 

0,64 

5.0 

7,2 

8.5( 

90 

4/16 

532 

729 

474 

255 

35 

73 

0.66 

5,5 

5,0 

7.7( 

m 

4/23 

540 

772 

502 

270 

35 

70 

0.66 

5,3 

7,8 

6.90 

112 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  SahU  tubes. 

and  cage  urine  were  made  up  to  a  uniform  volume.  A  mixed  speci- 
men was  preserved  and  duplicate  Kjeldahl  analyses  made.  A  few  cubic 
centimeters  of  acetic  acid  in  the  cage  collection  bottle  insured  an  acid 
reaction  in  the  urine.  With  care  a  male  or  female  dog  may  be  catheter^ 
ized  daily  without  causing  any  cystitis.  After  the  catheterization  the 
water  or  sugar  solution  was  given  by  stomach  tube. 

Fasting  experiments.    The  two  preceding  experiments  (tables  8  and 
9)  are  to  be  compared  as  the  experiments  were  done  at  the  same  time. 
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TABLE  8-A 

ToUU  uHnary  nilTogen— fatting.    Dog  J  7-97 


»XT«,  1917 

TOTAL  nmoatu 

DBtHt  TOTAL 

W..OHT 

M^A... 

enmt 

M. 

p«.n4. 

March  31 

2.80 

650 

21.5 

Ofecea 

April      1 

2-30 

405 

21.1 

Trace  of  feces 

2 

2.68 

433 

20.8 

0  feces 

3 

3.19 

315 

20,6 

0  feces 

4 

2.97 

395 

20,3 

0  feces 

5 

3.d6 

418 

19.9 

Slight,  diarrhM 

6 

2.83 

460 

19.6 

0  feces 

7 

2.88 

19.3 

0  feces 

8 

2.49 

427 

19,0 

0  feces 

9 

2.80 

385 

18.8 

0  feces 

10 

2.91 

473 

IS. 3 

0  feces 

11 

2,69 

359 

18.3 

0  feces 

12 

2.91 

«23 

17.9 

Trace  ot  feces 

13 

2.60 

371 

17.6 

0  feces 

U 

2.60 

429 

17.5 

0  feces 

15 

2.86 

411 

17.3 

0  feces 

16 

2.86 

414 

17.1 

0  feces 

17 

2.60 

447 

16.8 

0  feces 

18 

2,77 

458 

16.5 

0  feces 

19 

3.J9 

396 

16.3 

0  feces 

20 

3.02 

421 

16.1 

Trace  of  feces 

21 

3.42 

416 

16.8 

0  feces 

22 

3.56 

445 

15.7 

0  feces 

23 

3.86 

471 

15.1 

0  feces 

)  CO.  of  waWt"  daily  by  stomach  tube. 

TABLE  S-s 
BxperimemU  history — dog  17-37 — tplene 


.»^" 

I^TIOS 

"" 

"""" 

^r 

Blood  p.r 
kilocimm 

k,m. 

Begin  12/15/16 

Sugar  +  gela- 

630 

66 

10.5 

Bled  360  CO. 

tin 

10.2 

End  1  /ll  /17 

644 

84 

8,1 

lion  2  weeks,  then 
lean  meat  diet  3 
weeks.  Mixed 
diet 

Begin  3/26/17 

Fasting  metab- 

927 

80 

10.6 

Table  8 

Bled  «4  cc. 

olism 

313 

60 

10.4 

Table  73 

End  4/23/17 

640 

112 

6,9 

Bread,  milk,  Bland's 
pills,     11     weeks. 

tion 

Splenectomy  10/23/16. 
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The  doga  are  of  the  same  litter  but  one  had  been  splenectomized.  We 
can  make  out  no  difiFerence  in  the  reaction  of  the  splenectomized  dog 
aa  compared  with  the  control  under  these  experimental  conditions. 
During  the  fasting  period  there  is  a  steady  rise  in  hemoglobin,  red  cell 
hematocrit,  red  cell  coimt,  total  red  cell  volume  and  pigment  volume. 
The  rise  is  most  pronoimced  during  the  first  week,  as  a  rule.  It  b  noted 
that  the  plasma  volume  remains  constant  or  decreases  slightly.     This 


Dog  n-as. 

WhiU  buO  mongrel,  female, 

age  10  months 

'A 

t 

3 

i 
1 

1 

1 

•i 

a 

1 

u 

1 

a 

«. 

«. 

«. 

rtrcfnl 

ptrani 

ttm. 

B. 

3/28 

1395 

1090 

490 

600 

55 

m 

0.80 

8,0 

15,8 

9.8 

ut 

3/26 

Diet:  Bread  and  milk 

3/28 

Bled  272  cc. 

3/29 

Bled  272  cr. 

3/30 

443  1    738  1    53t  1    207  [    23 

60 

0.73 

4.1 

12,2 

9.3  1      79 

3/30 

F&Bting  begun 

4/2 

532 

819 

573 

246 

30 

fiS 

0.74 

4,4 

10,6 

8.6 

95 

4/9 

4S1 

723 

441 

2S2 

39 

68 

0.65 

5,2 

9,6 

7.5 

96 

4/16 

5S5 

770 

439 

331 

43 

76 

0.62 

6,1 

12,0 

6.8 

113 

4/20 

5S5 

750 

420 

330 

44 

78 

0.51 

7,6 

11,4 

6.3 

119 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
Experimental  history,  aee  table  2thb. 

fact  accounts  for  the  increase  in  blood  per  kilo,  due  to  loss  of  body 
we^t. 

The  nitrogen  figures  for  total  urine  are  of  interest.  The  daily  output 
ie  fairly  constant  until  we  reach  the  last  4  days  of  the  experiment  which 
show  a  distinct  increase  above  normal.  It  is  possible  that  this  increase 
represents  the  body  protein  disintegration  which  may  be  observed  after 
a  long  period  of  fasting,  giving  rise  to  the  premortal  rise  in  nitrogen. 
Both  these  dogs  recovered  the  lost  weight  promptly  when  placed  upon 


a 
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a  bread  and  milk  diet.  There  is  no  evidence  for  an  increase  in  body 
protein  katabolism  to  supply  the  essentials  for  hemoglobin  construc- 
tion. The  same  remarks  apply  to  the  following  experiment  (table  10). 
The  above  experiment  (table  10)  shows  a  considerable  increase  in 
red  cells  from  5,200,000  to  7,000,000  with  an  unchanged  red  cell  hemato- 
crit.    Poikilocytosis  is  marked  during  this  period  and  there  is  evidence 


Total  urinary  nitrogen— fasting. 

Dos  ''-SS 

TOTU. 

B*T«.  1«17 

n^o'^'m". 

"24HODM 

WEIOBT 

""*■"' 

trtmt 

«. 

pouiWi 

March  31 

3-42 

720 

19.4 

0  feces 

April      I 

2.16 

412 

19.1 

0  feces 

2 

2.18 

471 

18.8 

Trace  of  fecea.    Vomited 

3 

2.77 

236     . 

18.6 

Moderate  fecea 

4 

2.74 

18.1 

0  feces 

5 

2.94 

430 

17.9 

0  feces 

6 

2.86 

442 

17.7 

0 fecea 

7 

3  25 

428 

17.3 

Slight  diarrhea 

8 

2,86 

422 

17.1 

0  fecea 

9 

2.66 

432 

16.7 

0  feces 

10 

2,97 

403 

16.3 

Trace  of  feces 

11 

2.46 

413 

16.2 

0  feces 

12 

2.83 

434 

15.9 

Slight  diarrhea 

13 

2.72 

383 

15.7 

0  feces 

M 

2.72 

443 

15,5 

0  fecea 

16 

3.05 

446 

15.1 

0  fecea 

16 

3,58 

418 

14  9 

0  feces 

17 

3.42 

408 

14.7 

0  feces 

18 

3.25 

441 

14.4 

0  feces 

19 

4.14 

441 

14.1 

0  fecea 

20 

4.09 

726 

13-8 

0 fecea 

21 

4.17 

517 

14,3 

Slight  diarrhea 

Dog  given  400  ci 


r  daily  by  stomach  tube. 


for  a  certain  amount  of  fragmentation  of  the  red  cells  In  this  and  other 
experiments  of  similar  nature.  In  some  instances  there  is  evidence  for 
a  faulty  construction  of  red  cells  diuing  periods  of  stress  when  red  cell 
regeneration  is  being  accompUshed  with  difficulty  on  a  limited  diet. 
It  will  be  possible  with  the  accumulation  of  much  data  to  ascertain 
which  diets  favor  stroma  construction  and  which  diet  factors  accelerate 
hemoglobin  construction.    It  is  evident  at  present  that  these  two  fac- 
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tors  do  not  always  run  parallel  under  experimental  conditions,  as  well 
as  in  disease. 


Blood 

TegeneTolion — ■/< 

aiing—melahoUsm.    Dog    16-160. 

Bull 

mongrel,  female, 

age  t  years 

i 

i 

13 

JSCh 

III 

pi 

1 

j 

\ 

1  " 

^ 

1 

! 

»' 

i 

a 
1 

1 

,^.^ 

«. 

«. 

cc. 

^ 

»nl 

*»«. 

«. 

5/3 

1241 

633 

SOD 

47.6 

10.45 

119 

6/3 

Diet:  Bread  and  milk 

5/6 
5/20 

1316 

1125 

523 

591 

«2 

00 
117 

0  70 

8,3 

14,2 

10.00 
10.60 

106 

R.B.C.fr^- 

ment++ 

5/21 

5/22 

Bled  281  cc. 
Bled  281  cc. 

5/24 

482|    752J  492  1  250  1  33.2|    64  j  0,55|  5,8  1 14,8  |l0.20 

«| 

5/25 

Fasting  begun.    Metabolism 

5/31 

6/5 
6/12 

5E                                                                           0 
5S                                                                           8 
62                                                                           2 

9  10 

8.40 
7.55 

76 
80 
94 

•  Poik. 

•  Poik.++ 

•  Poik.++ 

6/12 

scout  inued 

6/18 
6/26 

696 
451 

7«1 
550 

510 
360 

274 
184 

34.6 
33.5 

ss 

82 

0.68 

5,0 
6,0 

5,4 
9,0 

8.15 
8.20 

97 
67 

•  Poik.++ 

•  Slight 
poik. 

6/26 

Diet:  Changed  to  mixed  diet 

•  Poikilocytosis  of  red  cells. 
Experimental  history,  see  table  18-b. 

This  second  group  of  experiments  (tables  11,  12  and  13)  presents 
several  factors  in  common.  During  the  fasting  p«iod  the  blood  regen- 
eration was  notable  in  two  experiments  during  the  first  week  following 
the  bleeding.     In  fact  this  level  was  scarcely  increased  during  the  sub- 
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sequent  fasting  period.  This  rapid  increase  during  the  first  week  may 
be  explained  by  some  reserve  factor  which  is  called  in  during  the  emer- 
gency  period.  The  following  weeks  show  little  increase  in  pigment 
volume  because  the  body  can  only  supply  the  material  needed  to  re- 
place the  daily  wear  and  tear  on  the  red  cells.  The  third  experiment 
(table  12)  shows  a  more  gradual  rise  in  the  pigment  volume,  hematocrit 
and  hemoglobin  during  the  entire  fasting  period. 

TABLE  10-* 
Total  urinary  nitrogen'-fiuting.     Dog  16-160 


,„...... 

aODM  CRIME 

"'i4bocm* 

w«.„ 

,„..„ 

prsiu 

«. 

poanj. 

May  26 

1.76 

270 

21.8 

27 

1-90 

120 

21,4 

About  50  cc.  vomited;  0 
feces 

28 

1.85 

145 

20,8 

No  vomiting.  0  feces;  dog 
very  active 

29 

2.07 

113 

20.6 

30 

2.02 

155 

203 

0  feces 

31 

2.10 

188 

20,1 

0  feces 

June  1 

2.02 

190 

19,8 

0  feces 

2 

1.96 

134 

19.3 

0  feces.    300  cc.  water 

3 

2.44 

167 

19,1 

0  feces.    Good  condition 

4 

2.16 

206 

18.9 

0  feces 

5 

2.41 

180 

18,5 

Solid  feces 

fi 

2.13 

207 

18.3 

Little  feces 

7 

2.02 

221 

17.9 

0  feces 

8 

1.79 

191 

17,6 

0  feces 

9 

1,90 

186 

17,4 

0  feces 

10 

2,02 

181 

17,3 

0  feces 

11 

1,90 

178 

17,0 

0  feces 

12 

2.30 

190 

16,6 

Feces  +  in  urine.  Dog  in 
excellent  condition 

13 

1.73 

225 

16,4 

Soft  feces 

Dog  given  200  cc.  naler  daily  by  stomach  tube. 

All  three  experiments  show  a  rapidly  developing  "dietary  deficiency 
disease"  which  develops  after  a  period  of  bread  and  milk  feeding  sub- 
sequent to  the  fasting  period.  This  dietary  deficiency  condition  is 
characterized  by  ulcerated  mucous  membranes  and  much  gastro4ntes- 
tinal  disturbance.  We  are  inclined  to  the  opinion  that  this  condition 
is  analogous  to  scurvy  in  human  beings.    In  the  near  future  we  hope 
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to  report  a  series  of  expenments  bearit^  upon  this  pomt,  making  clear 
the  factors  concerned  in  the  development  of  this  abnormal  condition 
as  well  as  its  cure  and  prevention  in  the  dc%. 

TABLE  II 
Blood  regetteration— fasting.     Dog  18~I0S.     BrindU  bull,  female,  age  1  year 


i 
'i 

■  a 

ill 
Hi 

i 

! 

! 

•i 

3 

! 

. 

i 

,^.«. 

S 

s 

8 

* 

«. 

«. 

«. 

ami 

^ 

tgm. 

«. 

8/28 

1540 

1115 

552 

547 

49.0 

138 

0.97 

7,1 

16,0 

15.45 

72 

S/28 

Diet:  Crackermeal  Bad  milk 

8/28 

Bled  279  cc. 

8f2ff 

Bled  279  cc. 

8/31 

810|    96S|  650  1  311  1  32 .2|      85 

[14.95 

65 

8  m 

Bled  241  ce. 

9/3 

590|    955[  708  1  242  1  25.3|    92 

0,94 

3,3 

26,0  |l4.a5 

65 

•  Poik. 

9/3 

Fftsting  begun 

9/10 

946 

1076 

692 

358 

33.3 

88 

0.72 

8,1 

13,0 

13.15 

82 

9 /If 

Hffii 

KK2 

552 

321 

:m.4 

97 

0.8f 

6,5 

11,4 

12.15 

n 

9/2S 

745 

m 

484 

275 

35.5 

flfl 

n.fif 

7,0 

7,2 

10 .9( 

71 

9/30 

700 

784 

485 

295 

37.7 

89 

0.67 

7,8 

13,2 

10.30 

76 

Good    con- 
ditioQ 

9/31 

Diet:  250  grams  crackermeal,  30( 

ce.  n 

ailk 

10/11 

(m 

889 

572     311 

35.0 

79 

..,30 

79 

10/18 

092 

822 

544     274 

33,3 

84 

0.74 

5,7 

4,8 

10  26 

76 

•  Poik.+ 

10/18 

Diet:  Mixed  diet 

10/22 

•  Foikilocytoaia  of  red  cells. 

No  previous  anemia  experiments  on  this  doR. 
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Blood 

Tegenerotion—faitirtg  UoUowed  by  rice 

bread  and  milk 

then 

yean).    Dog 

18-m.     White  bull,  femak,  adult 

'! 

^ 

\ 

j 

i 

> 

1 

s 

1 

i 

• 

1 

a 

UHIBU 

«. 

cc. 

«. 

ptr 

Vtr 

k>». 

■«. 

5/1 

2550 

1830 

698 

1115 

60,9 

139 

0,75 

9.3 

12,6 

13-95 

131 

5/1 

Diet:  Bread  and  milk 

S/2 

Bled  458  cc. 

6/3 

Bled  458  m.    Nodiatresa 

5/5 

620|  1000|  690  1    301 1  30,1  j    62  |  0,86 

3,0  1  14,0  |l2.60 

7»| 

6;« 

FaatiDB  begun 

5/14 

890 

1043 

619 

394 

37.8 

85 

0,76 

5,6 

8,0 

11.30 

92 

•  Poik. 

S/21 

m 

06! 

508 

375 

38.7 

93 

0.86 

5,4 

6,0 

10.45 

93 

•  Poik. 

5/28 

1103 

1077 

588 

478 

«.4 

102 

069 

7,4 

6,4 

9-55 

108 

5/28 

Diet:  200  Kr&ms  bread,  300  grams  rice 

500  cc.  milk 

6/4 

1166|  lieej  654  1    502|  43. l|  100  {  0,62 

8,1  1   6,6|l0,45 

115  [  •  Poik.+-(- 

6/5 

Diet;  30  grams  compressed  yeast,  100 

grams  bread,  500 

cc.  milk 

6/11 

1070 

1084 

609 

464 

42.8 

99 

0.56 

8,9 

7,4 

10  35 

105     •  Poik++ 

6 /It 

1232 

\m 

572 

52f 

47.4 

111 

0.5; 

9,8 

6,0 

10  M 

107     •  Poik.t 

6/25 

1167 

1094 

547 

537 

49.1 

107 

0.5! 

10,5 

10,4 

10.25 

107 

7/1 

1148 

1125 

594 

51b 

45.9 

102 

0.65 

7,8 

11,6 

10,00 

1121 

7/1 

Diet:  Changed  to  mixed  diet.    Extra 

food.    Recovery 

— *  days 

*  Poikilocytosis  of  red  cells. 

t  June  16:  Mucous  colitis.    No  yeast  given;  milk  boiled. 

June  17:  No  mucus;  10  grams  yeast  given;  milk  boiled. 

June  18:  No  mucus;  20  grams  yeast  given;  300  cc.  fresh  milk. 
X  Beginning  ulceration  of  mucous  membrane  of  mouth.    Beginning  sftlivation. 
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Aitoptt  («M  labU  H) 

Dug  /7-J8.  Whit«  bull,  female.  See  experimeDtal  histoi;.  table  6-b. 
Vay  Sf,  1919.  Found  dead  and  cold.  Blood  clotted.  Left  ventricle  slightly 
hypeitTDplued.  Luni^  and  pleurae  negative.  Slight  hypostatic  congestion  in 
right  lower  lobe.  Sple^k  soft  and  flabby;  normal  site;  pale  pink-gray  and  cellU' 
tar.  Peritoneal  cavity  is  normal.  No  pigmeDtation  and  no  adhesions.  Gas- 
tro-intestinal  tract  not  opened,  but  superficially  not  abnonnal.  Liver  normal 
■lie  and  color;  indefinite  basy  patches  in  which  lobules  look  washed  out  (0.5  to 


BxperimtiUal  hislary.     Dog  18-tH 


.„ 

uoon 

^^ 

^S^' 

£SS^ 

twm. 

Begin  4 124 ,18 
Bled  279  cc. 
End  5/29,18 

Cooked  liver, 
bread,  and 
milk 

553 
435 
791 

ftl 
105 
84 

7,85 
7.65 
9-60 

Slight  anemia 

Table  63 

Maximum  regenera* 

tion  2  weeks. 

Mixed  diet 

Begin  8/14/18 
Bled  816  cc. 
End  9/27/18 

Powdered  liv- 
er, cracker- 
m«U      and 
milk 

1773 
770 
2190 

106 
95 
112 

12.20 
11.75 
12.90 

(3  bleedings) 

Begin  11/14/18 
Bled  976  cc. 
End  12/11/18 

Cooked  liver 
only 

1640 
592 
1902 

105 

81 
HI 

13-50 
12-50 
13.65 

Table  61 
(3  bleedings) 
Complete    r^enera- 
ticmSweeks 

Begin  5/1/19 
Bled  916  cc. 
End  5/28/19 

Fasting 

2SG0 
620 
1103 

131 
79 
108 

13.95 
12.60 
9.55 

Table  12 

2  cm.  in  diameter) .  Bladder  contains  a  little  syrupy  pua-Uke  urine ;  slight  cystitis. 
Left  kidney  Urge  and  htird;  few  cysts  on  surface;  targe  stone  fills  pelvis  (2  x  10 
cm.  ^).  tUght  kidne?  shrunken  to  small  siie  (2x3x5  cm.);  stone  in  pelvis. 
Marrow  of  femur  almost  all  tat.  Marrow  of  rib  is  normal.  Pancreas  is  small 
and  warty  looking — chronic  change  involves  all  of  lower  arm  and  head,  all  but 
distal  fourth  of  upper  arm.  No  evidence  of  acute  process.  Ovaries  negative. 
Uterus  shows  sites  of  placental  attachment.  Urine:  obtained  from  bladder  at 
poet-mortem.  Small  amount,  mostly  pus.  No  sugar.  Few  hyaline  casts. 
Many  pus  cells  and  small  round  epithelial  cells,  few  partially  destroyed  red  cells. 
Bacteria  abundant. 
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The  experiment  given  in  table  14  ia  complicated  by  nephritis,  pye- 
htis  and  bilateral  renal  calculi.  The  blood  regeneTation  during  the 
two  weeks  preceding  death  was  normal  in  every  way.    If  anything,  the 


Blood  regentralio 

n—faHing  IJollowed  by 

rice  and  bread  and  yeatt  ritamine).    Dog 

18-Ue.    White  bull,  female 

adult 

P 

I 

I 

I 

a 

...„ 

¥ 

\ 

I 

I 

s 

^ 
n 

•i 

i 

1 

«. 

«. 

cc. 

ml 

!r^ 

hgm. 

«. 

6/1 

2620 

1930 

852 

1050 

54.4 

133 

0.85 

7,8 

8,0 

18.75 

103 

5/1 

Diet:  Bread  aod  milk 

5/2 

Bled  483  cc. 

5/3 

Bled  483  cc.    No  distress 

77 

5/5 

'1 

5/6 

FastinR  begun 

5/U 

1178 

1357 

818 

525 

38,7 

87 

0.S4 

5,2 

14,0 

15.95 

85 

•  Poik. 

5/21 

1025 

1205 

742 

43^ 

36  { 

86 

0  75 

5,7 

9,4 

14.85 

81 

•  Poik.+  + 

5/28 

1176 

1233 

720 

519 

40  7 

95 

0.73 

6.5 

7.6 

13.85 

89 

•  Poik.++ 

5/28 

Diet :  300  grams  rice,  200  grams  bread 

6/4 

110»|  1265|  793  1    462|  36.5|    SS  |  0.62|  7,1 

9,8|l4.75|    86  |  *  Poik.++ 

6/5 

Diet:  1  gram  yeast  vitamine,t  100  grams  bread,  500  cc.  milk 

6/11 

1065 

1232 

761 

458 

37.2 

86 

0,70 

6,1 

8,2 

14,65 

84 

•  Poik.+ 

6/18 

\m 

132:^ 

TJO 

5« 

43. f 

103 

0.5< 

9,6 

10,2 

HM 

91 

•  Poik.+ 

6/25 

1280 

1380 

780 

504 

43.0 

93 

0.51 

9,2 

6,6 

14-05 

98 

•  Poik.++ 

6/25 

Diet:  Changed  to  mixed  diet.    Developed  d 

etary  deficiency  disease 

6/30 

Death 

•  Poikilocytosis  of  red  celh. 

t  Vitamine  prepared  according  to  Seidell's  method  (2). 

blood  pigment  production  was  above  the  average.  This  is  of  some 
interest  because  of  the  frequent  occurrence  of  anemia  in  human  beings 
associated  with  advanced  chronic  nephritis.    This  dog's  death  was 
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certunly  due  to  renal  injury  and  insufficiency,  but  the  picture  was  not 
that  of  a  primary  essential  chronic  nephritis.  In  this  single  instance 
the  development  of  a  subacute  renal  disease  did  not  impair  the  function 
of  the  o^ans  of  the  body  which  are  responsible  for  blood  and  hemoglobin 
r^eneration. 

Sugar  feedirt^  experiments.  The  first  three  experiments  are  similar 
and  give  strong  evidence  to  show  that  there  is  very  little  regeneration 
of  red  cells  and  hemoglobin  during  a  sugar  feeding  period.    The  reac- 

TABLE  IS-B 

Espermiental  hUlory.    Dog  18-116 


..„ 

.^£JS^«o» 

™„», 

^fc' 

a^^ 

kern. 

Begin  4/24/18 
Bled  540  cc. 
End  5/29/18 

Meat  extract, 
bread     and 

milk 

903 
422 
865 

gg 

89 

9.75 
9.65 
10.85 

Table  65 

(3  bleedings) 

Mixed  diet  2  weeks. 
Complete  regener- 
ation 

Begin  8/14/18 
Bied  944  ec. 
End  10/24/18 

Thyroid, 
crackermeal 
and  milk 

1842 
1055 
1640 

05 
08 
114 

14.20 
14.25 
11.85 

(3  bleedings) 
Complete    regenera- 
tion 7  weeks 

Begm  12/2/18 
Bled  1160  cc. 
End  12/30/18 

Beef    heart 
and  liver 

2120 
776 
2270 

115 
90 
106 

14.90 
13.95 

15.50 

Table  52 
(3  bleedings) 

Begin  5/1/19 
Bled  966  cc. 
End  5-28-19 

F&ating 

2620 
778 
1176 

103 
71 
89 

18,75 
17.45 
13.85 

Table  13 

tton  ia  constantly  in  favor  of  the  fasting  period  during  which  time  the 
d(^  can  make  a  definite  gain  in  red  cells  and  hemoglobin,  in  excess  of 
the  maintenance  requirements.  In  the  first  two  experiments  (tables 
15  and  16)  we  have  control  observations  in  the  same  dogs  during  fast- 
ing periods  (tables  7  and  14).  The  regeneration  is  distinctly  more 
during  fastii^.  In  all  three  experiments  the  gain  in  pigment  volume 
is  present  in  the  first  week  and  we  may  wish  to  assume  some  emergency 
reserve  to  account  for  this  reaction.     The  following  weeks  show  little 
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or  no  Bubsequent  gain  and  may  even  show  a  falling  off  which  indicates 
that  the  body  cannot  fabricate  sufficient  hemoglobin  and  red  cells  for 
its  duly  needs. 

Splenectomy  (table  17)  done  some  time  before  this  experiment  does 
not  appear  to  modify  the  reaction  of  the  red  cells  and  hemoglobin  under 
the  conditions  of  these  experiments. 

TABLE  M 
Blood  regeneratitm— fasting — nepkrilit  and  renal  cakiUi.     Dog  S7-IS.     While  bull. 


■  a 

, 

■J,, 

<; 

'A' 

i; 

5 

; 

s 

^ 

5 

^ 

s 

: 

-• 

R 

2 

■BMABU 

s 

i&A 

s 

s 

> 

m 

3 

a 

^ 

1 

n 

■ 

m 

B 

S 

► 

■ 

«. 

«. 

«. 

cml 

Zt 

ipm. 

«. 

5/1 

201^ 

1550 

706 

829 

53.5 

130 

0.76 

8,6 

7,0 

15.9 

97 

5« 

Diet:  Bread  and  milk 

6(2 

Bled  300  cc. 

5/3 

Bled  390  cc.    No  distress 

5/5 

763{  1040|  686  1  349  1  33.5 

73  1  1.m|  3,2 

9,4 

14.75 

71 

5/e 

Bled  200  cc.    NodiBtress 

5/8 

63l{    956|  64S  1  295  1  30.8 

66  1  0.94|  3,5 

8.2 

14.26 

67 

6» 

Fasting  begun 

5/H 

903 

5/21 

1007 

5/22 

FoU 

ddea 

id.    A 

utops 

y  giv 

nbe 

ow 

•  Dog  is  aick,  weak  and  thirsty;  distended  abdomen. 
Experimental  history,  see  table  6-b. 

The  three  metsboUsm  tables  (tables  15-a,  l&-a  and  17-4)  in  general 
show  the  characteristic  reaction  in  urinary  nitrt^en.  In  every  instance 
at  the  beginnii^  when  the  anemia  reaction  is  most  intense  we  note  the 
expected  drop  in  urinary  nitn^n  when  sugar  is  administered.  The 
"sparing  action  of  carbohydrate"  is  not  disturbed  by  the  presence  of 
this  degree  of  secondary  anemia.    The  first  and  second  experiments 
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show  a  distinct  rise  in  urinary  nitrogen  associated  with  the  bleeding 
periods.  These  dc^  showed  considerable  distress  during  the  second 
bleeding  period  and  it  is  highly  probable  tliat  more  than  one-fourth  of 
the  total  blood  volume  was  removed  on  these  two  days  (note  the  high 
figure,  130  cc.  per  ^m.,  for  blood  volume  as  determined  by  the  dry 
oxalate  method).  We  are  inclined  to  attribute  this  rise  in  urinary 
nitrogen  to  the  shock  of  the  bleeding — to  the  tissue  injury  produced  by 


Blood 

regerteralion — tuaar  ft 

.    Doa  17-17.    WhiU  bidl  mongrel. 

femtOe,  adidl 

5 

1'" 

I- 
1 

l 

\ 

3 

jj 

j 

a 

^ 

S 
g 

1 

■  BHAkU 

«. 

«. 

«. 

«iW 

«nJ 

JlM>. 

«. 

1/19 

1630 

1507 

603 

904 

60.0 

108 

0.71 

7,6 

9,0 

11,60 

130 

Fasting 

1120 

Bled  375  cc. 

1/22 

Bled  375  cc. 

1/24 

5»s[    950|,627  |  323  |  34.o[    63  |  OJs]  4,3 

8,2  |l0.d0|    91  1 

1/24 

Diet :  50  grams  cane  sugar,  25  grams  glucose 

212 

806 

1203 

em 

.■»6 

42.0 

67 

0.56 

6,0 

6,0 

9,6 

125 

'  Ani8.++ 

2ff. 

76: 

10« 

643 

447 

41 .( 

70 

0,57 

6,1 

8,8 

9,0 

121 

•  AniB.++ 

2/14 

750 

1038 

596 

432 

42.0 

73 

0.70 

5,2 

7.6 

8.2 

125 

Dog  refuses 

[      -B- 

*  Anisocytosis  of  red  cells 

Blood  volume  with  dry  oxal&te.    HemoglobiD  by  Sahli  tubea. 

Compare  fasting  period,  table  7. 

the  hemorrhage,  and  this  observation  is  in  harmony  with  those  of  Buell 
(3)  working  with  pigs.  Our  third  experiment  (table  17-a)  shows  little 
or  no  increase  in  urinary  nitrogen,  no  clinical  reaction  and  a  low  esti- 
mated blood  volume  (80  cc.  per  kgm.). 

After  the  first  exhibition  of  sugar  we  note  a  uniform  low  level  of  urin- 
ary nitrogen  erxcretion.  This  low  level  is  constant  until  the  end  of 
the  experiments  except  in  the  first  (table  15-a).  Here  we  note  a  rise 
in  urinary  nitrogen  during  the  last  five  days.    It  is  fair  to  say  that  this 
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TABLE  1»-A 
Tolal  urinary  nitrogen — sugar.    Dog  l7-t7 


DATE.  WIT 

TOTAL  nno- 

URUfC  TOTAL 

"""" 

„ma™ 

ffraM 

«. 

V0*nd, 

jMiiary  17 

3.25 

467 

25,9 

Fasting 

18 

2.58 

411 

26,0 

19 

2.58 

461 

25.6 

20 

2.86 

422 

25.1 

Bled  375  cc. 

21 

3.75 

381 

24.1 

0  feces 

22 

4.09 

330 

24.0 

Bled  375  cc.    Very  weak 

January  23 

Anemia  per 

od  begun— Diet:  50  grams  sugar,  25  grama  glucose 

23 

3-30 

537 

23.8. 

0  feces 

24 

3.39 

511 

23.1 

Diarrhea 

26 

1.99 

427 

22.8 

0  feces 

26 

1.74 

367 

22.6 

0  feces 

27 

2.02 

390 

22.3 

Slight  diarrhea 

28 

2.68 

430 

22.2 

0  feces 

29 

2.38 

435 

21.9 

0  feces 

30 

2.63 

404 

21.9 

0  feces 

31 

1.74 

401 

21.7 

0  feces 

February  1 

1.62 

417 

21.6 

0  feces 

2 

1.46 

401 

21.2 

l>  fece 

3 

1.62 

459 

20.9 

0  feces 

4 

1.96 

375 

08 

Feoe8+ 

5 

1.76 

377 

20.6 

0  feces 

A 

2.07 

400 

20.S 

0  feces 

7 

lost 

20.4 

0  feces 

8 

1.60 

520 

20-2 

0  feces 

9 

1.90 

475 

19-8 

Diarrhea 

10 

2.35 

4Ki 

19,3 

Diarrhea 

11 

3.86 

720 

18.4 

0  feces.  Vomitus  +.  Dog 
Is  sick 

12 

4.76 

568 

17.7 

Vomitus  +.  Refuses  sugar 
solution 

13 

4.76 

361 

18.1 

0  feces 

14 

3.67 

541 

18,0 

0  feces 

15 

4.20 

505 

17.8 

Diarrhea +.    Milk  diet 

Dog  given  400  cc.  water  daily  by  stomach  tube. 

dog  was  sick,  vomited  the  sugar  solution  and  had  diarrhea.  This 
period  is  properly  conadered  as  an  interval  of  intoxication  in  which 
little  sugar  was  retained  aod  perhaps  this  amount  favored  the  intestinal 
irritation  which  was  conspicuous. 
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TABLE  »-B 

Experimental  kUtory.    Dog  17-17 


..„ 

BLOOD  Bmomit- 
inOK 

^5^' 

'S^ 

kgrn. 

Begin  9/13/16 
Bled  450  cc. 
End  10/24/16 

Lean  meat 

8.3 
8.9 
11.4 

(3  bleedings) 

Complete  regenera- 
tion of  Hb.  and 
R.B.C. 

B(«in  1/19/17 
Bled  350  cc. 
End  2/16/17 

Sugar,  metab- 
olism 

1628 
698 
646 

130 
91 
119 

11.6 
10.6 
8.6 

Table  15 

Bread    and  milk    5 
months.        Slight 
regeneration 

Begin  10/17/17 

Sugar,  metab- 
olism 

Sugar,     gel»- 
tin,  metab- 
olism 

2150 

123 

13.4 

Bled  826  cc. 
End  11/24/17 

718 
915 

84 
lOS 

13.2 
10.1 

SugBr,gelatin,crack< 
ermeal,    lard    and 
butter,    3    weeks. 
Dietary  deficiency 
disease.   Recovery 
2  weeks 

Begin  3/13 /IS 
Bled  750  cc. 
End  4/10/18 

Fasting 

1626 
100* 
1240 

72 
72 
93 

15.7 
16.5 
10.7 

Table  7 

Begin  6/3/18 
Bled  1022  cc. 
End  6/28 /IS 

Cooked     thy- 
mus, bread 
and  milk 

1939 
723 
1245 

87 
70 
78 

16-35 
15.75 
15.70 

(3  bleedings) 

Begin  8/9/18 
Bled  988  cc. 

End  8/30/18 

intravenous- 
ly.    Sugar 

1914 
817 
1155 

90 
67 
80 

16.15 
15.45 
13.75 

Table  79 
(3  bleedings) 

Tables  18  and  IS-b  deserve  special  mention  as  they  show  the  results 
of  several  experiments  done  under  controlled  conditions  on  the  same 
d(^.  The  experimental  history  refers  to  table  10,  which  shows  the 
blood  regeneration  on  this  dog  during  a  fasting  period.     There  is  a  dia- 


,v  Google 


184 


,   WHIPPLE,  C.  W.   HOOPEB  AND  F.  8.   B0B3CHB1T 


tinct  increase  in  p^^eot  volume,  hematocrit  and  hemoglobin  during  the 
fasting  period.  We  see  in  table  18  the  same  dog  under  identical  condi- 
tions on  a  sugar  diet.  During  the  same  interval  we  note  practically  the 
same  value  for  pigment  volume,  hematocrit  and  hemoglobin  at  the  be- 
ginning and  end  of  the  sugar  feeding.  There  is  a  trifling  rise  during  the 
first  week  but  this  is  subsequently  lost  with  return  to  the  initial  level. 
One  of  the  tables  to  follow  (table  21)  shows  the  same  dog  on  a  sugar  and 


TABLETS 
Blood  regeneration — tugar  feeding — metabolUm. 


Dog  17-ta.    WhiU  btUl,  female, 


• 

1 

IS 

ill 

j 

I 

a 

■ 

a 

a 

a 

3 

>> 
•i 

6 

1 

s 

.^„ 

«. 

«. 

«. 

wu 

anl 

kgm. 

«. 

1/19 

1620 

1500 

600 

900 

60-0 

108 

0.76 

7,1 

7,4 

11.60 

129 

Fasting 

IBO 

Bled  375  cc. 

1(22 

Bled  270  cc. 

1B3 

Bled  105  cc. 

1«4 

588[    900|  803  1  306 

34,o[    01  |0.80|  3,8 

7,8  |lO,40 

87| 

1B4 

Diet:  50  grams  cane 

ugar,  25  grams  glucoa 

.  400  cc.  water 

212 

717 

1121 

684 

437 

39.0 

64 

0,62 

5,2 

7.2 

9.40 

120 

•AniH. 

2K 

63< 

1027 

637 

3yo 

38-t 

62 

0.65 

i'fi 

6,2 

8.« 

115 

2/l« 

934 

WJl 

58B 

375 

:w.(i 

66 

UK 

5,6 

10,0 

SSf 

113 

Diarrheft  + 

2/23 

Ml 

im 

562 

373 

40.0 

58 

0.56 

5,2 

9,0 

8.00 

117 

*  Aniaocytosis  of  red  cells. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

Eicperimental  history,  see  table  6-b. 

gliadin  diet  which  holds  the  pigment  volume  curve  about  on  a  level — 
no  gain  nor  loss. 

Table  19  is  unsatisfactory  from  the  standpoint  of  the  blood  volume 
and  pigment  voliune  flgiu-es  but  in  view  of  the  other  experiments  we 
venture  to  include  it  because  this  dog  illustrates  a  reaction  which  is  not 
uncommon  in  dogs  bled  for  the  first  time.  In  dogs  used  for  the  first 
time  in  anemia  experiments  we  often  note  a  remarkable  regeneration  of 
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TABLE  »-i 

Total  urinary  nilrogen— sugar.    Dog  17-i8 

BXTt,  WIT 

T^.™^" 

Maotna 

wuon 

.«.*,« 

ffTlBU 

cc. 

poiinJi 

January-    17 

2.46 

482 

25,9 

Fasting 

18 

2.10 

340 

25,8 

10 

2.46 

425 

25.6 

Diarrhea 

20 

2.21 

519 

24.8 

Bled  373  cc. 

21 

2.80 

375 

23.6 

22 

3.08 

320 

23.6 

Bled  270  cc.    Dyspnoea 

23 

2.49 

493 

23.6 

Bled  105  cc. 

January    24 

Anemia  period  begun.    Diet;  50  grams  sugar,  25  grama  glucose 

24 

2,46 

495 

228 

25 

1.96 

470 

22.4 

0  feces 

26 

1.99 

432 

22.3 

0  feces 

27 

2,86 

427 

22.1 

0  feces 

28 

2.69 

440 

21.8 

0  feces 

29 

2.07 

446 

21.5 

Diarrhea  -t- 

30 

2.01 

406 

21,3 

0  feces 

31 

1.71 

398 

21,2 

0  feces 

February    1 

1.62 

391 

20.9 

2 

1.79 

396 

20.6 

Trace  feces 

3 

1.60 

452 

20.4 

0  feces 

4 

1.74 

407 

20.3 

0  feces 

5 

1.68 

305 

20.1 

0  feces 

6 

1.23 

383 

20.0 

0  feces 

7 

19.0 

0  feces 

S 

1.74 

425 

19.7 

Feces + 

g 

1.48 

398 

19.6 

10 

1.51 

415 

19.4 

0  feces 

U 

1.43 

356 

19.3 

0  feces 

12 

1.40 

387 

10.2 

©feces 

13 

1.48 

391 

19.1 

0  feces 

14 

1.51 

388 

18.0 

0  feces 

15 

1.40 

391 

18.8 

0  feces 

16 

1.26 

390 

18.6 

Diarrhea  + 

17 

1.51 

378 

18.4 

0  feces 

18 

1.15 

390 

18.3 

0  feces 

19 

1.23 

390 

18.1 

0  feces 

20 

1.40 

385 

18. 1 

0  feces 

21 

1.43 

409 

17.9 

0  feces 

22 

1.20 

384 

17.8 

0  feces 

23 

1.12 

346 

17.6 

0  feces 

24 

1.32 

374 

17.5 

Dog  given  400  cc.  water  daily  by  stomach  tube. 
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red  cells  and  hemoglobin  on  unfavorable  diets.  This  was  not  under- 
stood at  first  but  it  may  be  stated  as  a  fact  to  be  explained  or  not.  It 
is  possible  that  this  type  of  dog  baa  a  greater  reserve  stored  in  its  body 
from  which  it  can  construct  red  cells  and  hemoglobin  on  demand  but  a 
dog  which  has  been  bled  at  various  times  has  not  this  lai^e  reserve. 
At  any  rate,  this  dog  was  able  to  give  a  remarkable  exhibition  of  r^en- 
eration  of  red  cells  and  hemoglobin  during  a  short  period  of  sugar  feed- 
ing.    The  red  cell  hematocrit  rose  from  26  per  cent  to  47  per  cent  and 


n—»pUnectomy. 

Dog  17-34.     WhiU 

bull  mongrel,  fenuOe,  aduli 

fc 

i 

^ 

1: 

! 

„ 

1 

i 

1 

I 

i 

d 

i 

i 

J 

1 

5 

«. 

«. 

«. 

ma 

arU 

kam. 

cc. 

1/19 

886 

883 

459 

424 

48  0 

103 

0,69 

7,3 

14.8 

10.9 

81 

Fasting 

1/20 

Bled  221  cc. 

1/22 

Bled  221  cc. 

1/24 

414  1  7S0  1  546 

234  j  aO.OJ    63  1  0.80|  3,3  1 11,4  |  10. l|    77  | 

1/24 

Diet:  50  g 

rams 

cane  sugar,  25  grams  glucose,  400  c 

c.  water 

2/2 

528 

979 

, 

4 

9.3 

105 

2/9 

536 

893 

( 

2 

S.S 

101 

•Ania. 

2/16 

497 

888 

( 

8 

8.; 

107 

2/23 

556 

868 

4 

7.8 

113 

*  Anisocytosia  of  red  cells. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

hemoglobin  from  62  to  121  per  cent.  This  r^eneration  was  almost 
completed  during  4  weeks  on  a  diet  which  is  least  favorable  to  blood 
regeneration. 

Tables  20,  20-a  and  20-b  present  data  on  sugar  feeding  which  support 
the  other  experiments  given  above.  This  dog  was  observed  during  a 
fasting  period  (table  9)  as  well  as  during  this  sugar  period  and  subse- 
quently during  other  diet  periods  of  hemoglobin  regeneration.  This 
experiment  shows  only  a  2-week  period  of  pure  sugar  feeding  during 
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TABLE  17-* 
Total  urinaTj/  nitrogen — sugar.    Dog  17Si 


lOT.L  HITKO- 

cm,  1911 

"""^^ 

WBIORT 

^■■M 

«. 

pm^> 

January  17 

3.42 

303 

25.0 

Fasting 

18 

3.30 

424 

24.4 

Diarrhea  + 

19 

2.63 

406 

24.0 

20 

2.52 

412 

23,6 

0  feces.    Bled  221  co. 

21 

2.58 

326 

22.9 

22 

2,S6 

316 

22.8 

Bled  221  cc. 

January  23 

Anemia  period  begun.    Diet:  50  grams  sugar,  25  grama  glucose 

23 

2.66 

526 

22.8 

Trace  soft  feces 

24 

2.35 

436 

22.2 

26 

1.99 

371 

22.0 

Trace  feces 

26 

21.8 

0  feces 

27 

2.46 

351 

21.6 

Slight  diarrhea 

28 

2.69 

431 

21.3 

0  feces 

29 

2.60 

371 

21.2 

0  feces 

30 

2.77 

397 

21.0 

Trace  of  feces 

31 

1.63 

382 

20.8 

0  feces 

February  1 

1.54 

396 

20.6 

0  feces 

2 

1.46 

396 

20.4 

3 

1.74 

381 

20.2 

0  feces 

4 

1.63 

426 

20.0 

0  feces 

5 

1.54 

341 

20.4 

0  feces 

6 

1.51 

408 

19,8 

0  feces 

7 

19.6 

Diarrhea  + 

8 

1.51 

420 

19,6 

0  feces 

9 

1.48 

406 

19  3 

10 

1.34 

386 

19,0 

0  feces 

11 

1.51 

380 

18,8 

0  feces 

12 

1.34 

361 

18.9 

0  feces 

13 

1.60 

412 

18.7 

0  feces 

14 

1.40 

401 

18,4 

Trace  of  feces 

15 

1.40 

381 

18  4 

0  feces 

16 

1.40 

386 

18.3 

0  feces 

17 

1.37 

390 

18.0 

Trace  of  feces 

18 

1.46 

376 

17.8 

Trace  of  feces 

19 

1.46 

432 

17  7 

0  feces 

20 

1.48 

367 

17,7 

Trace  of  feces 

21 

1.34 

411 

17  6 

0  feces 

22 

1.4S 

391 

17  4 

0  fecei 

23 

1,62 

431 

17.1 

0  feres 

24 

1.74 

3M 

17  13 

Diarrhea.    Boiled  milk  diet 

Dog  given  400  cc,  water  daily  by  stoniach  tube. 
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TABLE  II-B 
Experimental  hittori/.     Dog  17-34.    Splenectomy 


BUKOUa 

BHEBATIOH 

%= 

kilocram 

ket. 

Begin  12/15/16 

Meat         and 

10.9 

No      blood    volume 

Bled  390  cc. 

bread  only 

data 

End  1/11/17 

ff72 

85 

11.3 
12.5 

Complete  regenera- 
tion of  Hb.  and 
R.  B.  C. 

B^in  1  /20/17 

Sugar. 

910 

81 

10,9 

Tabie  17 

Bled  442  cc. 

MetaboliBm 

413 

77 

10.1 

End  2/23/17 

566 

113 

7.8 

Bread  and  milk  diet 
5  months 

Begin  6/3 /IS 

Powdered 

1331 

63 

16.6 

Bled  807  cc. 

liver,  bread 

664 

62 

15.7 

(3  bleedings) 

End  6/28/18 

and  milk 

960 

70 

15.3 

Splenectomy  10/3/16. 


TABLE  IS 
feeding.    Dog  16-180. 
j/ean  + 


I  mongrel,  femaU,  age  > 


■  a 

, 

1 

til 

1 

1 

\ 

1 

\ 

\ 

§ 

\ 

[ 

a 

• 

* 

8 

«. 

cc. 

«. 

(W 

per 

torn. 

«. 

8/28 

1835 

1103 

456 

654 

58.2 

166 

1.1 

7,6 

9,6 

10.15 

109 

-  Slight 
poik. 

8/28 

Die 

:  Crackenneal  and  mi 

k 

8/28 
8/29 

Bled  276  cc. 
Bled  278  cc. 

8/31 

648|    77l|  524  1  243  1  31.5]    84  |         j         |          |  9.55|    81  | 

9/1 

Bled  193  cc. 

9/3 

448|    696|  513  |  177  |  25.5|    64  |  0,8  |  4,0  |  15,4  |    9.5|    73 

•  Poik.+ 

9/3 

Diet :  75  grama  sugar,  25  grams  dextrose  by  stomach  tube 

9/10 
9/16 
9/25 

S 

792 
703 
664 

577 
500 
474 

211 
192 

182 

26.7 
273 

27,4 

71 
69 
64 

0.96 

0.78 
0.61 

3,7 
4,4 
5,2 

9,4 

7,8 
9,6 

8.65 

92 

88 
90 

•  Poik.++ 

•  Poik.++ 

•  Poik.++ 

•  Poikilocytosis  of  red  cells. 

For  continuation  of  experiment  see  table  I 
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TABLE  l» 

B 

Dog  18-180 

... 

WEI  oar 

"""" 

^-S^i' 

steJ 

ket. 

Begin  9/26/16 

Mixed 

5.70 

No  blood  volume 
data 

Bled  440  cc. 

6.10 

(4  bleedings) 

EDd  11/29/16 

7.30 

Complete  regen- 
eration of  Hb. 
and  R.  B.  C. 

Begin  2/12/17 

Bread,  milk  and 

938 

127 

7.70 

Table  68 

Bled  488  cc. 

BUud'a  pills 

423 

80 

7.40 

End  7/16/17 

466 

97 

5.90 

Maximum  regen- 
eration 17  weeka 

Begin  10/17/17 

Sug&r  and  glia- 

1278 

122 

8.90 

Metabolism 

Bled  542  cc. 

din 

509 

95 

8.90 

Table  21 

End  12/3/17 

755 

106 

6.30 

Crackermeal,  gel- 
atin, lard,  but- 
ter, 2  weeks. 
Mixed  diet  fi 
weeks.  Com- 
plete regenera- 
tion 

Begin  9/20/18 

Fasting 

1316 

106 

10.60 

Metabolism 

Bled  562  cc. 

482 

74 

10.20 

Table  10 

End  6/12/18 

636 

94 

7.56 

Bread  and  milk  3 
weeks 

Begin  8/28/19 

Sugar  3   weeka. 

1835 

109 

10.15 

Table  18 

Bled  745  cc. 

Sugar  and  Hb. 

448 

73 

9,50 

(3  bleedings) 

End  10/16/19 

intravenously 
Iweek 

586 

95 

7.80 

Dried  yeast  and 
crackermeal,   2 
weeks.      Slight 
regeneration. 
Table  80 

Begin  2/20/19 

Sugar  and  carrot 

1375 

99 

11.30 

Table  22 

Bled  781  cc. 

juice 

548 

81 

10.10 

(3  bleedings) 

End  3/18/19 

Dried        yeast, 
bread  and  milk 

Beef  liver,  bread 
and  milk 

474 

86 

8.75 

Begin  8/8/19 

Beet  tops,  bread 

1220 

97 

10.80 

Bled  526  cc. 

and  milk 

600 

66 

13.15 

End  12/6/19 

Spinach,    bread 
and  milk 

Compressed 
yeast,      spin- 
ach, bread  and 
milk 

799 

96 

8,60 

t.Google. 
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which  time  is  recorded  a  moderate  increaae  in  red  cells  and  ] 
volume.  This  increase  la  somewhat  above  the  average  reaction  tinder 
similar  conditions  and  if  sugar  feeding  had  been  continued  for  2  more 
weeks  a  drop  in  hemoglobin,  pigment  volume  and  red  cell  hematocrit 
was  to  be  expected. 

Hiatidine  (1.5  gram  per  day)  added  to  this  diet  actually  prevented 
the  expected  fall  and  is  responsible  for  a  definite  gain  in  the  first  week  of 

TABLE  w 
Blood  regeneration — »a^r  Seeding.    Dog  10-18.    Fox  terrier,  female,  odvit 


790     341     441     55.8   151     0.94  8,0     8,4     8.35     94 


Diet:  Cr&ck«nn«al  and  milk 


316[  509  I  370  I  137  I  26.9]    62  |  0.8o|  3,!>  |  22,6  |  7,85|    65  [ 


Diet:  50  grams  sugar  daily  with  150  p 


10/2 
10/11 
10 /IS 


637  319 

234 

44.5 

100 

47.2 

107 

464  242 

219 

47,3 

121 

*  Hemolysis  in  tubes  containiDg  blood  and  dye.  Reading  of  color  unsatisfac- 
tory. 

No  previous  anemia  experiments  on  this  dog. 

histidine  feeding.  In  view  of  the  constancy  of  the  sugar  feeding  reac- 
tion in  the  third  week  of  blood  regeneration  we  attach  considerable 
importance  to  this  reaction.  We  feel  that  histidine  may  be  in  part 
concerned  in  the  complicated  endogenous  reaction  which  is  responsible 
for  the  final  elaboration  of  the  complex  protein  hemoglobin. 

The  last  2  weeks  of  histidine  feeding  show  merely  a  level  curve  of 
hemoglobin  and  pigment  volume  indicating  that  the  maintenance  fac- 
tor alone  is  being  supplied.    Under  sugar  feeding  alone  a  slowly  fall- 
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ing  curve  would  be  expected,  so  that  the  reaction  as  a  whole  is  strongly 
in  favor  of  the  hietidine  feeding  as  being  a  contributory  factor  in  the 
hemoglobin  regeneration  under  these  experimental  conditions.  The 
small  amount  of  histidine  given  is  significant  when  we  consider  the 
percentage  cooteat  of  histidine  in  casein  (2.5  per  cent).  It  will  be  noted 
in  a  subsequent  paper  that  casein  is  not  an  efficient  food  for  hemoglobin 
regeneration. 


Blood 

regeneration-'tugar 

and 

biMlidine-metabolUm.    Dog   17-38.    White  bull 

numgrel,  female,  young  adult 

:: 

■  a 

1 

i 

i 

t 

I 

.a 

g 

1 

^ 

^ 

3 

1 

" 

* 

B 

■ 

s 

" 

* 

«. 

«. 

«. 

VTCnl 

IHTon 

h,M. 

«. 

9/11 

1342 

1231 

505 

726 

59,0 

109 

0.59 

9,3 

14.0 

11.60 

106 

9/11 

Diet:  Bread  and  milk 

9/12 

Bled  308  cc. 

9/13 

Bled  308  cc. 

9/15 

468  1    8S4  1  619 

265  1  30.0  I      53  ]  0,6S  1    3,9  |  12,8  |  11.30 

78 

9/15 

Diet:  50  grams  cai: 

e  sugar,  25  grams  dextrose,  300  cc.  water 

9/21 

572 

805 

S60 

290     360 

71 

0.71  1    5,0 

11.8 

10.30 

78 

9/28 

574 

755 

468 

287     38.0 

76 

0.58  1    6,5 

6,6 

9,60 

79 

lO/I 

Did :  50  srsms  cai 
water 

c  sugar,  25  grama  dextrose,  U  gram  hietidine,  3 

00  cc. 

10/5 

fi68 

795 

46S 

326 

41.0 

M 

n.68 

6,2 

8,< 

8.90 

76 

10/12 

7a5 

S20 

471 

355 

43  0 

89 

n.58 

7,7 

7,2 

8.00 

103 

10/19 

6S4 

786 

456 

330 

42.0 

87 

0.60 

7,3 

9,2 

7.30 

107 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sabli  tubes. 

The  total  nitrogen  elimination  is  uniform  and  sustained  at  the  ex* 
pected  low  level  except  during  the  last  week  of  the  experiment  when 
a  decided  increase  is  noted.  This  type  of  intoxication  is  not  infrequent 
after  long  sugar  diet  periods  and  we  believe  is  of  gastro-intestinal  ori- 
gin. It  is  a  fact  that  the  hemoglobin  and  pigment  volume  show  no 
increase  during  this  period  of  increased  protein  katabolism  but  rather 
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TABLE  lO-A 

Total  urinary  nitrogen — tugar  and  hitlidine.    Dog  I7-S8 


„„..«, 

oS;m™2; 

"5570^" 

w„.„ 

..^ 

Diet:  50  grams  caoe  sugar,  25  grams  dextrose,  300  cc.  water 

enm. 

a. 

p«,«4. 

16 

2.52 

415 

23.9 

Diarrhea.    Vomited  65  cc. 

17 

1-93 

370 

23.7 

Diarrhea.    Vomited 

18 

1.46 

401 

23.4 

Soft  feces.  Vomited  100  cc. 

ID 

1.40 

315 

23.2 

Vomited  50  cc. 

20 

1.34 

240 

23.1 

0  feces 

21 

1.65 

290 

22.6 

Diarrhea 

22 

1.23 

285 

22,5 

0  feces 

23 

1.34 

346 

22.1 

SliKht  diarrhea 

24 

1.34 

247 

21.8 

0  feces 

25 

1.28 

271 

21.8 

Slight  diarrhea.    Vomited 

26 

1.40 

276 

21.4 

0  feces.    Vomited  45  cc. 

27 

1.29 

226 

21.4 

Soft  feces.  Vomited  26  cc. 

28 

1.20 

245 

21.2 

Slight  diarrhea 

29 

1.29 

336 

20.8 

Soft  feces 

30 

1.29 

251 

20.7 

0  feces 

October        1 

Diet:  SOgra 
300  cc.  wa 

iioB  cane  sug 

ter 

r,  25  gramsd 

extrose,  1.5  gram  histidine, 

October        1 

1.15 

317 

20.5 

Feces  + 

2 

1.23 

290 

20.5 

0  feces 

3 

1.57 

303 

20.2 

Slight  diarrhea 

4 

1.34 

264 

19.9 

0  feces.    Vomited 

5 

1.65 

19.6 

S 

1.48 

152 

19.5 

0  feces.    Vomited  65  cc. 

7 

1.62 

620 

18.6 

0  feces.    Vomited 

8 

1.85 

416 

18.3 

0  feces.    Vomited 

9 

1.68 

111 

18.6 

10 

2.63 

401 

18-,  1 

0  feces 

11 

2.35 

261 

18.3 

Vomited 

12 

3.25 

453 

17.6 

0  feces.    Vomited 

13 

3.08 

341 

17.6 

0  feces 

14 

3.14 

300 

17.4 

0  feces 

15 

2.86 

415 

17.1 

0  feces 

16 

2.88 

266 

16.9 

0  feces 

17 

2. 58 

329 

16.8 

0  feces 

18 

2.24 

308 

16.3 

Moderate  diarrhea 

19 

1.68 

281 

16.1 

Diarrhea,    Fair  condition 
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BLOOD  REOSNERATION  FOLLOWINO  SIUFLB  ANEMIA 

TABLE  20-B 

ExperimenUU  hulory.    Dog  17-S8 


'"""•r... 

^CS.' 

Blood  pn 

kilocnm 

igm. 

Begin  12/18/16 

Sugar  and  gela- 
tin 

8.60 

No  blood  volume 
data 

Bled  600  cc. 

8.20 

End  1/11/17 

532 

93 

7.00 

Slight  regenera- 
tion of  Hb.  and 
R.  B.  C. 

Begin  3/26/17 

Fasting,   metab- 

1395 

111 

9.80 

Table  9 

Bled  544  cc. 

oliam 

443 

79 

S.90 

End  4/20/17 

585 

119 

6.30 

Bread  and  milk  3 
months 

Begin  9/11/17 

Sugar 

1341 

106 

11.60 

Table  20 

Bled  616  cc. 

Sugar  and  histi- 

468 

78 

11.30 

End  10/19/17 

dine 
Metabolism 

684 

107 

7.30 

Beet  heart  fol- 
lowed by  mixed 
diet 

Begin  6/3/lS 

Gelatin,     bread 

1621 

86 

12.15 

Bled  753  cc. 

and  milk 

723 

76 

11,25 

(3  bleedings) 

End  6/28/18 

1071 

85 

10,70 

Mixed  diet 

B«gin  8/8/18 

Cooked      brain. 

2oeo 

109 

11.65 

Bled  825  cc. 

crackermeal 
and  milk 

526 

73 

11.20 

(3  bleedings) 
Pregnant 

End  9/27/18 

1100 

84 

11.95 

eration  3  weeks 

Begin  2/6/19 

Bread            (343 

1873 

117 

12.15 

Table  26 

Bled  710  cc. 

grams)      milk 

520 

77 

11.10 

End  3/19/19 

(200  cc.) 

1092 

95 

11.35 

Maximum  regen- 
eration 3  weeks 

Begin  3/31/19 

Bread            (100 

1275 

96 

12.00 

Table  20 

Bled  580  cc. 

grams)      milk 

499 

78 

11.40 

End  4/9/19 

(500  cc.) 

691 

91 

10.00 

Maximum  regen- 
eration 4  weeks 
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a  slight  loss  in  red  cell  hematocrit  and  pigment  volume.  This  will  be 
shown  to  be  true  in  other  abnormal  txmdilions  in  which  increased  protein 
katabolism  and  urinary  nitrogen  excretion  are  observed. 


Blood   regenerationstigar   and   gliadin — mehUiolism.     Dog    18-180.     While    bull 

mongrel,  female,  young  aditll 


I 

tn 

pi 

i 

i 

i 

1 

2 

! 

> 

1 

f 

2 

™o 

«. 

«. 

«. 

z, 

«nl 

h,m. 

«. 

10/17 

1397 

1083 

509 

627 

53.0 

118 

0.74 

8,0 

8.2 

8.90 

122 

10/17 

Diet:  Bread  and  milk 

10/19 

Bled  271  cc. 

10/20 

Bled  -271  ec. 

10/22 

600  1    844|  574  |  270  ]  32.0 

71 

1.04|  3.4 

11,4|8.90J     95 

10/22 

Diet:  75  grams  cane  sugar, 

25  grams  glucose 

300  cc.  water 

10/29 

617|    812 

552 

260 

32.0 

76 

O.RS 

4,3 

8,2 

8.0 

101 

. 

11/5 

770J     794 

548 

246 

31  0 

97 

0,87 

5,6 

6,0 

7-4 

105 

• 

11/5 

Diet :  75  grams  cane  sugar, 

25gra 

ma  glucose, 

20  grams  gliadin 

300  cc.water 

11/12 

762 

838 

536 

302 

36.0 

91 

0  78 

5.8 

3,6 

7,10 

118 

. 

11 /IE 

764 

8i:j 

496 

317 

39  C 

94 

O.Si 

5.7 

7,2 

6  7(1 

121 

• 

11 /2f 

7« 

777 

466 

311 

40  C 

103 

0,76 

6.6 

4,4 

fi.4C 

106 

• 

12/3 

755 

770 

485 

285 

37.0 

98 

0  71 

6,9 

3,6 

6.30 

106 

• 

*  Poikilocytoeis  and  auisocytosis  ol  red  ceils. 

Blood  volume  with  dry  oxalate.     Hemoglobin  by  Sahli  tubes. 

Gliadin  prepared  in  the  usual  way  by  dilute  alcohol  extraction  of  wheat  flour. 

Experimental  history,  see  table  18-b. 

Tables  21  and  21-a  give  more  data  on  sugar  feeding  periods.  The 
hemoglobin  r^eneration  is  rather  more  marked  than  in  the  average 
experiment  during  a  2-week  period.  We  note  again  a  remarkable  in- 
crease in  red  cells  (2,000,000)  and  hemoglobin  (26  per  cent)  with  a 
stationary  red  cell  hematocrit  (32  per  cent).  If  this  observation  had 
not  been  recorded  in  other  experiments  we  might  suspect  an  error. 
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Total  urinary  nitrogen— sugar  and  gtiadt 

n.     Dog  16-ieO 

""■'*" 

""^S^""  \  "'""V™  ■■  1       ""O" 

"""" 

October      22 

Diet:  75  grama  cane  eugar,  25  grams 

iluooae,  300  cc.  water  daily 

grtni 

ce. 

p»«^ 

23 

2.77 

413 

18.6 

0  feces 

24 

2.02 

267 

18.3 

Solid  feces 

2S 

1.74 

232 

18.2 

0  feces 

26 

1.46 

178 

17.8 

Trace  of  fecea 

27 

1.48 

101 

]7.8 

0  feces 

2S 

1.62 

251 

17.8 

0  fecea 

2S 

1.74 

261 

17.6 

0  feces 

30 

2.10 

256 

17.3 

Diarrhea  + 

31 

1.43 

217 

17.5 

0  fecea.    Vomited 

1.51 

131 

16.8 

0  fecea 

2 

1.57 

241 

16.8 

0  fecea 

3 

1.46 

471 

16.0 

0  feces 

4 

1.78 

151 

16.3 

0  feces 

November  5 

Diet:  75  grsmB  ceme  Bugar,  25  grams 
300  cc.  water  daily 

glucose,  20  grams  gliadin, 

5 

1,71 

301 

16.2 

Trace  feces 

9 

3,16 

241 

16.1 

0  feces 

7 

3.53 

192 

15.9' 

Feces  + 

8 

3.47 

186 

15.9 

Diarrhea  + 

g 

3.25 

173 

15.8 

Diarrhea  + 

10 

3.58 

311 

15.5 

Diarrhea  ++ 

11 

3.26 

277 

16.4 

0  feces 

12 

3.33 

322 

15.6 

0  feces 

13 

3.47 

301 

15.3 

Solid  fecea 

14 

3.53 

319 

15.1 

Diarrhea  + 

15 

3.60 

156 

15.1 

Trace  of  feces 

16 

3.30 

132 

16.0 

0  fecea 

17 

3.26 

176 

14,9   ' 

Soft  feces 

18 

3.30 

161 

14.7 

Trace  of  fecea 

19 

3.36 

192 

14.  S 

Diarrhea  + 

20 

3.25 

161 

14.6 

0  feces 

21 

3.36 

156 

14.5 

Soft  feces 

22 

3.22 

151 

14.4 

Sojid  fecea 

23 

3.58 

156 

14.4 

Soft  feces 

24 

3.47 

182 

14.3 

Soft  feces 

25 

3.36 

181 

14.2 

Soft  fecea 

26 

3.33 

173 

14.1 

Diarrhea  + 

27 

3.47 

222 

13.9 

Soft  feces 

28 

3.22 

152 

U.O 

Trace  of  fecea 

29 

3.36 

181 

13.9 

0  feces 

80 

3.08 

168 

13.9 

Soft  feces 

December    I 

3.70 

166 

13-9 

6  fecea 

2 

3.28 

181 

13.8 

Trace  of  feces 

3 

3.42 

163 

13.8 

0  feces 
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TABLE n 

Blood  regeneralion — tugar  plut  carrot  extracl — yeasl,  bread  and  milk.    Dog  tS~I80. 
While  mongrel,  female,  adult 


■J 

t 

3 

'}J 

. 

s 

; 

g 

S 

i 

^ 

'     e 

3 

g 

■; 

i 

■  EKAIU 

s 

i 

I 

a 

1 

JJ 

1 

E 

1 

«. 

«. 

«. 

^r 

C(n( 

t««. 

«. 

2/20 

1375 

1114 

608 

601 

53.9 

123 

0.70 

8.8 

6.0 

11.30 

99 

2/20 

Diet :  Bread  and  milk 

2/21 

Bled  280  cc. 

2/22 

Bled  280  cc. 

2/24 

690[    8K4]  473  1  307  1  34.7 

78 

0.85 

4,6|l9,2|l0.45 

85 

2/24 

Diet:  100  grams  sugar,  100  c 

c.car 

rot  jdice.t  150  cc.  water 

2/27 

548 

816 

569 

242 

29,7 

67 

0.90 

3,7 

12,8 

10,10 

SI 

S!a 

50C 

an 

MH 

238 

29.1 

fli 

0  71 

4,3 

ll.fi 

9.R5 

85 

3/12 

44^ 

m 

555 

206 

26.6 

57 

0.7J 

3,0 

5,2 

9.15 

85 

'  Poik.++ 

3,18 

474 

750 

530 

211 

2S.2 

63 

0.79 

4.0 

6,8 

8.75 

86 

•  Poik.++ 
Shadow 
cells 

3/18 

Diet:  200  grams  bread.  500 

cc.m 

Ik 

3/26 

320{    812|  575  |  232  |  2S.6 

64 

0.71 

4.5  1    7,4  1  9.20 

88 

•  Poik.++ 

3/26 

Diet:  200  grams  bread,  3  gr 

amsy 

east, 

300  cc.  milk 

4/2 

516 

816 

556 

251 

308 

63 

063 

5,0 

6.3 

9,45 

86 

'  Poik.++ 

4,'S 

43:: 

761 

542 

211 

27,7 

57 

0.54 

5,3 

9.4 

9,35 

81 

•  Poik.+  + 

4fl4 

4H 

72( 

517 

197 

27,5 

57 

0-57 

5,0 

7.2 

9.3C 

78 

•  Poik. 

4/21 

535 

828 

553 

275 

31.2 

65 

0.59 

5,6 

9,4 

0.40 

88 

4/21 

Diet :  200  grama  cooked  bee 

tlive 

,200 

grams  bread,  300 

cc.m 

Ik 

4/28 

631 

851 

542     305 

35,8 

74 

0,70 

5,3 

20,4 

10.30 

83 

R.  B.  C. 

fairly 
normal 

5/7 

1087 

1055 

548     496 

47. ( 

103 

0.71 

7.3 

10.4 

10. 7C 

00 

5/12 

1153 

1082 

556 

517 

47,6 

107 

0.69 

7.8 

16,2 

10.85 

100 

•  Poikilocytosis  of  red  cells. 

t  Carrot  juice  =  water  extract  of  cooked  carrots  filtered  and  conceotrated  to 
one- third  of  its  original  volume, 

E.\i>erl mental  history,  see  table  18-b. 
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This  shows  the  possible  fluctuation  in  hemoglobin  content  and  size  of 
red  corpuscles  which  may  be  observed  with  a  constant  hematocrit. 
Probably  many  factors  enter  into  this  reaction  which  will  be  taken  up 
again.  The  clinical  summary  of  this  dog  shows  a  variety  of  diet  periods 
including  a  fasting  period  (table  18-a). 

Gliadin  [20  grams  per  day)  added  to  the  sugar  diet  causes  no  increase 
in  hemoglobin  but  merely  a  uniform  maintenance  factor.  There  is 
still  further  increase  in  red  cells  with  poikilocytosis  and  we  believe  the 
evidence  favors  some  red  cell  fragmentation  under  these  conditions. 
The  urinary  nitrogen  shows  a  uniformly  low  level  during  the  si^ar 
period  and  the  expected  level  during  gliadin  feeding  (table  21-a). 

Table  22  gives  the  results  of  a  second  sugar  r^eneration  period  on 
the  same  dog  (16-160)  used  in  the  preceding  experiment  (table  21).  It 
will  be  observed  that  this  sugar  regeneration  period  is  not  as  favorable 
and  there  is  actually  a  loss  in  pigment  volume  amounting  to  about  30 
per  cent  during  a  period  of  4  weeks.  This  experiment  includes  another 
factor  (carrot  juice)  which  is  obviously  inert  under  these  experimental 
conditions.  This  point  will  come  upagain  in  subsequent  papers  dealing 
with  p^ment  derivatives.  We  wish  to  point  out  an  unusual  condition 
on  February  24  after  the  2  bleeding  days  when  a  low  plasma  volume 
(473  cc.)  is  recorded  against  the  norma!  during  the  entire  experiment  of 
500  to  550  cc.  When  the  plasma  volume  returns  to  normal  we  note  a 
fall  in  hemoglobin  and  red  cell  hematocrit.  It  is  probable  that  the 
reaction  is  the  result  of  the  shock  of  the  hemorrhage  which  is  usually 
adjusted  during  the  resting  day  intervening  between  the  second  bleeding 
and  the  second  blood  volume  determination. 

The  second  period  of  bread  and  milk  feeding  is  included  to  substanti- 
ate the  plasma  volume  figures.  This  reaction  will  be  discussed  in  detail 
in  the  next  paper. 

Table  23  is  given  at  the  end  of  the  series  because  one  important  factor 
separates  it  from  all  the  other  experiments, — a  bile  fistula.  This  d(^ 
(15-22)  has  been  under  observation  in  this  laboratory  for  several  years 
and  many  reports  on  bile  excretion  include  experiments  on  this  animal 
(4).  It  is  known  that  traces  of  bile  can  gain  entrance  into  this  dog's 
intestine  but  the  general  condition  of  the  dog  is  perfect.  The  reaction 
to  anemia  under  fasting  conditions  in  this  dog  is  of  particular  interest 
as  the  absorption  of  pigments  from  the  intestine  may  be  excluded.  It 
has  been  suggested  by  Addis  (5)  that  absorption  of  some  pigment  com- 
plex from  the  intestine  is  a  part  of  the  body  conservation  of  pigment 
materials.  This  and  other  experiments  give  no  support  to  this  inter- 
esting suggestion. 
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Bile  pigment  figures  in  a  fasting  period  are  given  for  this  same  dt^ 
in  another  publication  (6).  The  constant  presence  of  urobilin  in  the 
fasting  bile  of  this  experiment  is  noted  in  table  23  and  discussed  below. 
Total  urinary  nitrogen  figures  are  not  given  here  but  were  obtained  in 
this  experiment  and  average  3.08  grams  per  24  hours.  This  is  an  aver- 
age figure  for  a  normal  dog  of  similar  weight  and  activity.     Evidently 


Blood  regeneralion—fastiTig — metabolism — bile  fistula.     Dog  tS-tt.     Brindle  bull, 

male,  age  i  years  + 


3 

1 

'J 

11 

i 

I 

1 

1 

£ 

1 

i 

H 

S' 

3 

«. 

«. 

PR-Cenl 

pcrniil 

tern. 

B. 

3/26 

2200 

1833 

770 

1063 

580 

120 

0.77 

7,8 

12,6 

15.40 

119 

3/36 

Diet;  Bread  aod  milk 

3/28 

Bled  460  cc. 

3/29 

Bled  460  cc. 

3/30 

J 

,      70  1  0.83 

4.2 

18,6 

15.10|      63 

3/30 

Fasting  begun 

4/2 

890 

1186 

747 

439 

37.0 

75 

0.66 

5.7 

28,2 

14.00 

S5 

4/U 

874 

1136 

625 

511 

45.0 

77 

0.70 

5,5 

14,6 

12. 5C 

91 

4/16 

1122 

1069 

5M 

513 

48.0 

105 

0.71 

6.4 

6,2 

11. 4C 

94 

4/2S 

1133 

1059 

540 

519 

49  0 

107 

0.66 

8,1 

7.2 

10.40 

116 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
No  previous  anemia  experiroeuta  on  this  dog. 
Urobilin  coostantly  present  in  bile  after  1st  day  of  fasting  period. 
Total  nitrogen  in  urine — average  3.08  grams  per  2i  hours. 

the  bile  fistula  does  not  modify  the  total  nitrogen  figures  in  this  experi- 
ment nor  in  many  others. 

The  curve  of  hemoglobin  and  pigment  volume  ia  quite  remarkable. 
There  is  even  more  marked  a  new  formation  of  red  cells  and  hemoglobin 
than  is  noted  in  an  average  normal  dog.  We  must  not  forget  the  occa- 
sional abnormal  regeneration  which  is  noted  in  a  normal  dog  which 
has  never  been  bled — a  reserve  being  forthcoming  which  returns  the 
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hemoglobin  almost  to  normal  in  3  weeks  of  fasting.  This  bile  fistula 
dc%  had  never  been  bled  in  any  large  amoimts  before.  But  the  reserve 
reaction  in  this  dog  is  truly  remarkable  and  at  the  end  of  the  fasting 
period  we  note  a  normal  red  count,  a  hemoglobin  and  red  cell  hemato- 
crit figure  close  to  normal  and  a  considerable  increase  in  pigment  vol- 
ume. It  is  noted  that  the  plasma  volume  shows  a  decrease  durii^  the 
fasting  period  which  gives  the  reason  for  the  relatively  low  pigment 
volume.  At  any  rate  the  capacity  of  this  bile  fistula  dog  for  hemc^lobin 
regeneration  is  in  no  way  impaired  and  may  be  greater  than  normal. 
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94 

Sugftr  average,  table 

515 

30.87 
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648 

35.5 

75 
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36.4 

76 

614 

37.04 

74 

For  example,  we  know  that  the  bile  fistula  hver  contfuns  more  pigment 
as  demonstrated  by  the  microscope.  There  may  be  stored  away  in  the 
hver  or  other  tissues  more  of  the  pigment  complex  from  which  the  pig- 
ment reserve  is  derived — to  be  turned  into  finished  hemoglobin  on  emer- 
gency demand. 

The  last  three  tables  (tables  24,  25  and  25-a)  give  the  summary  fig- 
ures of  all  the  experiments  in  this  paper  and  one  fact  stands  out  clearly 
in  table  25-a.  The  average  blood  regeneration  is  distinctly  greater  during 
a  fasting  period  of  2  weeks  than  during  a  similar  sugar  period  of  2 
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weeks.  The  difiFerence  ia  even  more  striking  at  the  end  of  3  weeks  when 
the  average  gain  in  pigment  volume  during  fasting  is  274,  contrasted 
with  78  on  sugar  feeding.  Hemoglobin  fi^gures  show  an  average  gain 
of  29  per  cent  on  fasting  contrasted  with  13  per  cent  on  sugar  diet. 
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DISCD8SION 


The  terra  "sparing  action  of  carbohydrates"  is  familiar  to  all  work- 
ers in  metabolism  and  means  that  carbohydrate  feeding  will  decrease 
the  excretion  of  total  urinary  nitrogen  by  man  or  animal  as  compared 
with  the  fasting  excretion  ol  nitrogen.     It  is  therefore  assumed  that 
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the  admiiiistration  of  carbohydrate  actually  spares  the  body  protein. 
There  are  two  theories  for  thia  sparing  action  of  the  carbohydrates: 
a,  That  the  sparii^  action  is  at  the  source — that  ia,  the  si^ar  prevents 
tissue  katabolism  or  spares  protein  in  tissue  cells;  b,  That  the  sparing 
action  is  a  conservation  of  spUt  products  which,  with  the  aid  of  carbo- 
hydrate radicles,  are  reconstructed  into  a  variety  of  protein  complexes 
and  used  in  various  parts  of  the  body.  Both  theories  have  able  advo- 
cates, but  it  is  fair  to  say  that  most  of  the  experiments  can  be  used  by  a 
skilful  proponent  to  support  either  hypothesis.  An  admirable  review 
of  the  work  in  this  field  has  been  published  recently  by  Janney  (7). 

Some  experiments  by  Davis  and  Whipple  (8)  concemii^  the  r^en- 
eration  of  liver  cells  following  a  unit  injury  can  be  said  to  support  con- 
vincii^y  the  theory  of  conservation  of  protein  end  products.  In  these 
experiments  there  is  Uttle  hver  cell  repair  during  fasting  periods  but  a 
rapid  repair  during  sugar  diet  periods.  This  indicates  that  the  body 
can  form  many  new  hver  cells  when  sugar  is  available  but  not  during 
a  fasting  period.  These  new  hver  cells  must  be  formed  from  body  pro- 
tein split  products,  and  this  type  of  conservation  of  nitrogen  is  due  to 
sugar  feeding  and  cannot  be  explained  by  any  amount  of  protein  sparmg 
at  the  source. 

The  experiments,  summarized  in  tables  24,  25  and  2S-&,  follow  the 
normal  regeneration  of  another  type  of  body  cell:  the  normal  red  blood 
cell  which  is  constantly  being  used  up  and  reformed  or  reconstructed 
day  by  day.  This  is  an  admirable  cell  for  a  study  of  cell  regeneration 
as  its  main  constituent  (hemoglobin)  is  very  complex  and  easily  and 
accurately  measured.  The  amount  of  hemoglobin  circulating  in  the 
body  can  be  measured  with  considerable  accuracy  and  therefore  its 
curve  of  regeneration  can  be  established  with  reasonable  precision. 
When  we  compare  periods  of  regeneration  of  hemoglobin  durii^  fasting 
and  during  sugar  diet  periods  we  find  a  constant  difiFerence  which  comes 
out  clearly  in  an  average  figure  of  many  experiments  (table  25-a). 
This  table  shows  that  the  fasting  dog  can  regenerate  more  red  cells  and 
hemoglobin  than  a  dog  on  a  sugar  diet.  This  figure  ia  over  and  above 
the  maintenance  supply  of  hemoglobin  which  is  needed  to  keep  the  level 
uniform  and  furnish  the  hemoglobin  used  up  by  the  daily  wear  and  tear 
of  the  circulation  in  the  body. 

This  actual  reconstruction  of  new  red  cells  and  hemt^lobin  must 
come  from  the  body  protein  or  its  split  products  as  no  nitrogen  is  being 
supplied  to  the  body.  Evidently  the  body  conserves  very  carefully  the 
substances  which  are  suitable  for  the  elaboration  of  hemoglobin.     The 
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pyrrol  complex  is  a  peculi&r  feature  of  the  hemoglobin  molecule  which 
can  scarcely  be  formed  in  the  body  and  may  be  an  important  detennin* 
ing  factor  in  its  reconstruction.  How  may  we  explain  the  increase  in 
hemoglobin  during  fasting  periods  in  excess  of  the  reaction  on  sugar 
feeding?  This  surely  cannot  be  explained  by  increased  synthetic 
capacity  due  to  the  presence  of  sugar  or  the  conditions  should  be  re- 
versed. If  we  assume  that  sugar  may  have  a  certain  sparing  action  at 
the  source  we  are  able  to  suggest  a  plausible  explanation.  Suppose  the 
sugar  feeding  does  protect  body  protein  from  katabolism  and  therefore 
lessens  the  amount  of  available  protein  split  products,  we  are  then  able 
to  explain  the  smaller  amount  of  hemoglobin  produced,  provided  we 
3  that  under  all  circumstances  of  need  or  limited  diet  the  body 
s  all  the  available  protein  building  stones  which  go  to  make  up 
the  hemoglobin  molecule.  This  seems  to  us  to  be  the  best  explanation 
of  the  observed  facts,  but  this  opinion  may  be  modified  by  further  work. 

It  may  be  objected  that  the  "maintenance  factor"  of  red  cells  may 
vary  in  fasting  as  compared  with  sugar  periods.  This  factor  is  not  to 
be  determined  at  this  time,  but  we  have  no  reason  to  suppose  that  the 
daily  wastage  of  red  cells  should  be  greater  on  sugar  feeding  than  during 
fasting  periods.    This  question  must  be  left  open  for  the  present. 

Granting  the  facts  as  outlined  above  we  may  say  that  we  have  good 
proof  to  explain  the  "sparing  action  of  carbohydrates"  as  due  to  a  con- 
servation of  protein  split  products  which  aid  in  new  protein  con- 
struction as  observed  in  liver  repair  (8).  But  these  anemia  experiments 
may  be  best  explained  by  a  "sparing  action  of  carbohydrate"  which 
protects  at  the  source  the  body  protein  from  katabolism.  If  this  work  ■ 
is  correct  we  may  assume  that  the  carbohydrate  in  the  diet  may  have 
a  double  "sparing  action" — to  protect  tftebody  protein  al  tto  source  and  to 
aid  materially  in  the  contervatum  of  protein  split  product,  which  are  recast 
into  new  body  protein.  That  one  or  the  other  of  these  two  reactions 
may  be  dominant  under  varying  conditions  may  be  granted  as  probable. 

No  discussion  of  any  phase  of  pigment  metabolism  is  complete  with- 
out proper  consideration  of  the  pigment  output  in  the  bile.  The  bile 
pigment  represents  in  part  at  least  under  certain  conditions  the  end 
product  of  hemoglobin  degradation  in  the  body,  but  in  addition  under 
certain  conditions  this  bile  pigment  may  represent  certfun  constructive 
activities  of  the  liver  (9).  It  is  possible  that  a  part  of  this  bile  pigment 
produced  by  the  liver  and  not  derived  from  the  degrad  atioa  of  hemoglobin 
may  be  an  excess  of  pigment  substance  available  for  hemoglobin  pro- 
dudion  but  not  so  used  and  later  discarded  by  way  of  the  bile.     This 
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reaction  m^ht  only  take  place  in  the  liver  when  there  was  a  conaider- 
able  surplus  of  pigment  elements  in  the  food  or  elsewhere.  Such  con- 
ditions might  not  obtws  in  the  body  when  it  was  deprived  of  all  protein 
intake  (fasting  or  sugar  diet). 

The  bile  p^ment  output,  therefore,  must  be  reviewed  briefly  in  this 
place.  We  are  able  to  refer  to  observations  of  this  nature  (6)  and  state 
that  there  may  or  may  not  be  differences  in  tiie  bile  pigment  excretion 
during  fasting  periods  as  compared  with  sugar  feeding  periods  in  bile 
fistula  dogs.  Certain  experiments  appear  to  show  greater  bile  pigment 
elimination  durii^  sugar  periods  than  durii^  fasting  periods  but  other 
experiments  show  little  or  no  difference  in  the  bile  pigment  figures.  These 
differences  may  represent  individual  variations  in  these  bile  fistula  dogs 
and  the  available  data  are  not  sufficient  to  establish  any  difference  in 
bile  p^iment  excretion  under  Hiese  conditions.  One  thing  is  quite 
clear — these  bile  fistula  dogs  during  fasting  or  sugar  periods  do  excrete 
a  measurable  amoimt  of  bile  pigments  (average  of  15  to  30  mgm.  bile 
pigment  per  6  hour  daily  collection).  This  pigment  results  from  the 
degradation  of  hemoglobin  in  the  body  or  the  production  of  pigment 
complex  from  other  substances  in  the  liver — in  other  words,  a  distinct 
loss  of  pigment  material  from  the  body. 

One  other  point  must  be  mentioned  in  this  connection.  During 
fasting  periods  in  bile  fistula  dogs  we  have  noted  the  invariable  appear- 
ance of  urobilin  in  the  bile.  In  our  experience  this  is  the  only  condition 
which  is  constantly  associated  with  urobilin  production  in  the  dng's 
liver.  At  times  the  bile  pigments  may  be  almost  completely  replaced 
by  the  urobilin  pigment  and  this  introduces  a  serious  error  in  our  analy- 
sis of  bile  pigment.  It  is  probable  (if  not  certeun)  that  this  urobilin  is 
derived  from  the  bile  pigment  and  its  increase  therefore  will  be  asso- 
ciated with  a  corresponding  decrease  in  bile  pigments.  But  we  have 
no  accurate  quantitative  analytical  method  for  urobilin,  althoi^h  we 
can  estimate  bile  pigments  there  present  by  precipitation  of  the  cal- 
cium pigment  compound,  filtration  and  analysis  of  the  acid  alcohol 
derivative.  It  seems  probable  to  us  that  the  urobilin  appearing  in  the 
bile  fistula  dogs  is  derived  at  least  in  part  from  the  bile  pigments  in  the 
bile  ducts,  due  to  the  activity  of  bacteria  which  we  know  are  responsible 
in  part  at  least  for  this  reactionin  the  intestine.  During  fasting  periods 
the  flow  of  bile  is  very  sluf^h  and  this  inferior  drainage  of  bile  gives  a 
favorable  opportunity  for  the  bacteria  to  multiply.  It  can  be  stated 
that  bacteria  are  numerous  in  all  bile  fistula  tracts  and  may  at  times 
set  up  an  intlanimatory  reactjon  m  ttre  bile  passages  which  will  cause 
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trouble.    Flushii^  out  the  bile  passages  by  chotag(^ue  action  as  a  rule 
gives  relief  to  this  coudition. 

It  has  occiured  to  ub  that  this  observation  may  have  some  signifi- 
cance as  regards  urobilin  in  the  urine  in  a  variety  of  conditions.  There 
is  no  conclusive  proof  that  urobilin  is  ever  absorbed  from  the  intestine. 
We  have  here  proof  that  urobilin  may  be  formed  in  the  Uver.  It  would 
seem  safe  to  assume  that  the  hepatic  origin  of  urobilin  should  be  consid- 
ered in  any  analysis  of  this  complex  question.  When  the  possibility  is 
suggested  that  urobilin  may  be  formed  at  times  in  the  liver,  it  is  obvious 
how  difficult  it  is  to  exclude  this  poasibUiiy  in  the  clinical  conditions 
associated  with  which  we  note  urobilin  tn  the  urine. 


During  fasting  periods  after  unit  hemorrhages  the  nonnal  dog  can 
r^enerate  measurable  amounts  of  red  cells  and  hemoglobin. 

This  regeneration  of  red  cells  and  hemoglobin  indudes  the  daily  wast- 
age of  these  elements,  or  the  maintenance  factor  of  the  blood.  The 
curve  of  hemoglobin  regeneration  represents  the  production  of  hemo- 
globin tn  excess  of  this  unknown  maintenance  factor. 

Bile  pigment  exertion  under  fasting  or  sugar  diet  conditions  may  be 
considered  as  uniform.  A  bile  fistula  dog  may  regenerate  hemoglobin 
and  red  cells  with  at  least  equal  and  perhaps  greater  speed  than  a  nor- 
mal dog.  The  constant  presence  of  urobilin  in  the  bile  of  the  fasting 
bile  fistula  dog  is  recorded  and  discussed  from  the  standpoint  of  uro- 
bilinuria.    The  hepatic  origin  of  urobilin  is  suggested. 

During  sugar  did  periods  the  regeneration  of  hemoglobin  and  red  cells 
is  distinctly  less  than  during  fasUng  periods  (table  25-a). 

We  believe  that  this  observation  may  be  expliuned  by  a  double 
"sparing  action  of  carbohydrates" — both  sparing  at  the  source  or  pro- 
tecting body  protein  from  katabolism  as  well  as  effecting  synthetically 
a  distinct  conservation  of  protein  split  products.  This  postulates  a 
strict  conservation  by  the  body  of  certain  protein  fractions  which  may 
be  recast  into  hemoglobin.  The  presence  of  carbohydrate  may  facili- 
tate this  reaction  but  the  actual  new  formation  of  hemoglobin  may  de- 
pend in  part  upon  the  type  and  amount  of  amino  acid  groups  available 
from  nonnal  protein  katabolism. 

Histidine  given  with  sugar  appears  to  cause  a  production  of  hemo- 
globin over  the  control  level.  This  amino  acid  may  be  one  of  the  im- 
portant elements  in  this  hemoglobin  regeneration  complex. 

Gliadin  in  the  amounts  used  does  not  modify  the  hemoglobin  reaction. 
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Early  in  our  work  it  became  evident  that  bread  and  milk  did  not 
constitute  a  favorable  diet  for  the  rapid  regeneration  of  blood.  This 
diet  is  palatable  to  doga  and  maintains  them  in  good  nutritional  condi- 
tion for  many  weeks.  As  a  result  we  began  to  use  this  diet  as  a  main- 
tenance diet  to  which  other  factors  could  be  added  which  did  or  did 
not  modify  the  curve  of  blood  regeneration  to  be  expected  from  the 
bread  and  milk  factors  alone.  Because  in  many  experiments  we  use 
bread  and  milk  as  a  part  of  the  diet  it  is  essential  that  we  understand 
clearly  the  effect  of  this  diet  under  a  variety  of  conditions.  We  there- 
fore submit  many  experiments  tabulated  below  to  establish  the  normal 
blood  regeneration  of  the  dog  which  is  limited  to  varying  amounts  of 
dried  white  bread  and  skim  milk. 

We  must  mention  in  passing  the  dietary  deficiency  disease  which 
develops  in  dogs  kept  for  long  periods  on  a  strict  bread  and  milk  diet. 
This  disease  condition  resembles  scurvy  in  hiunan  beings  and  is 
rapidly  fatal  if  not  energetically  treated  by  antiscorbutic  measures. 
This  condition  will  be  reviewed  in  a  subsequent  pubhcation. 

It  will  be  noted  from  the  experiments  here  outlined  that  bread  and 
milk  alone  when  given  in  large  amounts  may  return  the  blood  picture 
to  normal  io  six  weeks  or  loiter.  But  when  given  in  moderate  amounts 
(100  grams  dried  bread  and  500  cc.  skim  milk)  this  diet  will  rarely  per- 
mit of  complete  blood  regeneration.  On  this  diet  the  hemoglobin, 
pigment  volume  and  red  cell  hematocrit  may  be  kept  at  a  permanently 
subnormal  level  following  the  unit  hemorrhages  used  in  our  experi- 
ments to  produce  uncomplicated  secondary  anemia.    The  value  of 
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establishing  this  fact  is  obvious  when  it  is  found  that  some  food  mate- 
rials added  to  this  diet  will  profoundly  modify  this  reaction  expected 
from  bread  and  milk  alone.  These  observations  will  be  reported  in 
subsequent  communications. 

A  few  experiments  with  two  of  the  important  constituents  of  the 
bread  and  milk  diet  are  mcluded.  Casein  and  gliadin  in  sufficient 
amounts  are  able  to  modify  somewhat  the  reaction  expected  from 
sugar  feeding  alone.  Some  work  with  incomplete  proteins  and  mix- 
tures of  amino  acids  has  been  completed  but  the  evidence,  so  far,  is  not 
conclusively  in  favor  of  any  single  amino  acid  as  beii^  responsible  for 
this  peculiar  reaction  which  depends  in  great  measure  upon  the  capac- 
ity of  the  body  to  construct  hemoglobin. 

Crackermeal  and  milk  were  used  at  one  period  during  the  war  when 
white  bread  or  in  fact  any  kind  of  bread  was  not  available  for  obvious 
reasons.  This  crackermeal  was  purchased  on  the  open  market  during 
the  war  period  and  its  constitution  is  not  accurately  known.  We 
were  able  to  ascertain  with  reasonable  certainty  that  this  crackermeal 
contained  70  to  80  per  cent  wheat  flour,  but  a  considerable  percentage 
of  barley  and  rice  flour.  Other  gruos  may  possibly  have  been  con- 
cerned. The  fact  remains  that  this  mixture  of  wheat  flour  and  other 
grain  flours  did  not  modify  in  any  manner  the  reaction  established 
recently  for  commercial  white  bread  which  at  present  is  made  almost 
wholly  from  wheat  Sour. 

Rice,  potatoes  and  milk  are  used  in  one  large  series  of  experiments. 
The  amount  of  blood  regeneration  on  this  diet  closely  parallels  that 
observed  on  a  bread  and  milk  diet.  This  diet  also  includes  one  other 
substance  sometimes  used  in  bread, — potato  or  potato  flour.  Any  one 
of  these  three  diets  is  a  favorable  maintenance  diet  to  which  other 
factors  may  be  added  to  determine  the  value  of  the  unknown  substance 
io  its  relation  to  blood  regeneration. 

EXPEBIHBNTAL  OBSEBVATIONS 

Unless  otherwise  noted,  the  same  technic|ue  is  used  in  these  experi- 
ments which  has  been  described  above  (paper  I).  The  food  mixtures 
were  all  palatable  and  readily  eaten  unless  note  is  made  to  the  con- 
trary. With  few  exceptions  the  dogs  jnaintained  their  weight,  general 
activity  and  health  throughout  the  experiments. 

Bread  and  milk  diet.  The  first  experiment  (table  26)  in  this  series 
illustrates  many  points  which  are  established  by  the  succeeding  experi- 
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ments  given  below.  The  dog  presented  a  very  high  hemoglobin  (130 
per  cent),  high  red  count  (10  million)  and  blood  per  kilo  (127  to  117 
cc.)-  Following  the  unit  hemorrtiages  there  is  recorded  aa  usual  a 
volume  of  red  cells  (239  cc.)  which  is  much  below  the  calculated  ex- 
pected red  cell  volume  (438  cc.)-  The  tow  level  in  this  experiment  is 
more  noticeable  than  in  the  average  experiment.  The  plasma  volume 
is  promptly  made  up  to  normal  after  the  bleedings  and  remains  as  usual 
relatively  constant.  The  curve  of  regeneration  is  quite  steep  during 
the  first  2  weeks  of  the  bread  and  milk  diet  but  thereafter  remains  at  a 
uniform  level.  This  statement  appUes  to  the  pigment  volume,  red  cell 
hematocrit,  and  hemoglobin,  but  the  red  cell  count  shows  a  slow  in- 
crease toward  normal  in  the  last  3  weeks  of  the  experiment. 

In  this  first  experiment  the  diet  was  abundant  and  sufficient  to 
maintain  the  body  weight  and  even  to  allow  of  slight  increase.  This 
point  is  of  much  importance,  as  will  appear  later.  This  and  other 
similar  experiments  show  that  a  liberal  bread  and  miUc  diet  sufficient  to 
maintain  or  increase  the  body  weight  will  cause  a  certain  degree  of 
hemoglobin  regeneration  over  and  above  the  daily  maintenance  hemo- 
globin factor.  Blood  regeneration  may  be  rapid  for  a  week  or  two 
and  may  even  return  the  blood  picture  almost  to  normal  in  certain 
ezperimentfi. 

The  repeat  experiment  on  this  same  dog  (table  26)  shows  a  lower 
initial  hemoglobin  and  red  count.  The  hemorrhages  are  less  in  amount 
but  the  anemia  level  for  pigment  volume  is  much  the  same  as  in  the 
preceding  anemia  period.  The  diet  now  is  not  abundant  and  contains 
only  100  grams  dried  bread  as  compared  with  343  grams  in  the  first 
period  of  regeneration.  This  100  grams  bread  diet  is  not  sufficient  to 
maintain  the  body  weight  at  its  normal  level  and  there  ia  a  loss  in 
weight  of  1.4  kilos  during  the  5  weeks  of  blood  regeneration.  There  is 
a  striking  difference  in  the  amount  of  hemoglobin  regeneration  which 
shows  only  a  trivial  increase  from  week  to  week  over  the  nuuntenaoce 
factor.  In  using  the  term  maintenance  factor  we  wish  to  indicate  that 
unknown  replacement  fraction  which  represents  the  daily  wastage  of 
red  cells  used  up  in  the  body  metabolism.  There  are  experiments  to 
indicate  that  this  fraction  may  be  3  per  cent  per  day  in  human  beings, 
but  there  are  no  data  to  establish  this  important  point  for  the  dog. 

It  is  obvious  from  these  two  anemia  periods  (table  26)  that  a  dc% 
will  regenerate  more  hemoglobin  on  an  abundant  bread  and  milk  diet 
than  on  a  limited  bread  and  milk  diet.  This  apphes  particularly 
to  the  bread  portion  of  the  diet.    The  term  "bread"  as  used  in  this 
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tabu:  H 
Blood  regeneration — bread  and  milk — repeat  experiment.    Dog  17~S8.    Bull  ti 
gret,  female,  young  adult 
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1/30 

Diet :  White'  bread  and  milk 

2/r 

Bled  355  cc. 

2/8 

Bled  356  cc. 
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5»|    852|  fl08  1  239  1  28. ij    61  |  1.0 

3,l|  28.4|ll.l  1    n 

2/10 

Diet:  Dried,  ground  white  bread,  343 

grama,  skim  milk,  500 
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852|  1074[  654     404  1  37. 6|    79  |  0.88 
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grams,  skim  milk,  200 
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46.0 

102 
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Mixed  diet 
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8,2|     7,2|  12.0|    96 
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10. U 

91 

•Poik.++ 

*  Poikilocytosis  of  red  cella. 
Experimental  history,  see  table  20~b. 
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TABLE  17 

i  regentralion— bread  and  milk—rapeal  eiperimeTtt.    Dog  J9^i.    Bidlmon- 
ffrtl,  male,  age  S  morUht 
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Diet;  Bread  and  milk 
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Bled  335  cc. 
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Bled  285  cc.    No  distress 
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Diet:  250  grama  dried,  ground  white  bread, 

600  cc.  skim  milk 
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Diet:  Mixed  diet 
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Diet:  White  bread  and  milk 
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0.7] 

6,9 
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38.0 

79 

0.55 

7,2 

10,0 

13,20 

99 

■  Slight 

*  Paikilocytosie  of  red  cells. 

No  previous  anemia  experiments  n 
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report  indicatea  white  bread  of  the  first  quality,  obtained  from  the 
University  Hospital,  sorted,  dried  in  an  oven  and  pulverized. 

Table  27  gives  a  repeat  experiment  which  shows  that  the  curve  of 
blood  regeneration  following  a  very  short  resting  period  is  practically 
identical  under  uniform  diet  conditions.  It  is  of  considerable  impor- 
tance to  know  beyond  question  whether  we  may  expect  a  uniform 
reaction  under  uniform  conditions  when  a  dog  is  used  for  different 
experiments  at  different  intervals  of  time.  We  believe  this  communi- 
catioD  includes  sufficient  data  to  establish  this  point  beyond  question. 
Therefore  we  may  feel  secure  in  using  for  anemia  work  the  same  set  of 
dogs,  provided  the  blood  picture  has  returned  to  normal  and  the  weight 
and  general  health  is  also  nonaal.  With  repeated  anemia  experiments 
the  dog  does  not  increase  in  its  capacity  to  regenerate  hemoglobin  nor 
does  this  reparative  mechanism  fail  under  the  conditions  of  these 
repeat  experiments.  We  may  then  attach  considerable  significance  to 
deviations  from  the  standard  reaction  in  any  given  animal. 

The  repeat  experiment  (table  27)  gives  a  reaction  curve  of  pigment 
volume,  red  cell  hematocrit  and  hemoglobin  which  is  practically  iden- 
tical with  the  first  anemia  period.  There  is  slightly  more  gun  in  the 
repeat  experiment  than  in  the  first  anemia  observation.  In  both 
anemia  periods  the  diet  was  liberal  and  permitted  a  gain  in  body  weight 
of  approximately  1  kilo  per  6-week  period.  The  repeat  experiment 
brought  the  hemoglobin  back  more  nearly  to  normal  but  the  initial 
anemia  level  was  not  as  low  nor  was  the  loss  by  hemorrtiage  as  great. 
In  the  repeat  experiment  the  dog  received  300  grams  dried  white  bread 
in  contrast  to  250  grams  bread  in  the  first  period,  but  this  was  only  a 
proper  proportion  per  kilo  body  wei^t.  These  dogs,  moreover,  were 
in  a  period  of  rapid  body  growth  (5  to  8  months). 

The  anemia  experiments  given  in  table  28  are  very  similar  to  those 
just  described.  In  this  instance,  too,  the  bread  and  milk  diet  was 
sufficient  for  maintenance  plus  a  definite  growth  factor  with  a  gain  of 
2  kilos  in  body  weight  during  the  5-week  periods.  In  both  periods  the 
regeneration  brings  the  pigment  volume  and  blood  picture  back  to  the 
normal  level.  The  steady  gain  in  weight  and  body  growth  must  not 
be  lost  sight  of  in  reviewing  the  same  gain  in  plasma  volume.  In  the 
adult  normal  d(^  the  plasma  volume  is  now  known  to  be  quite  con- 
stant under  these  experimental  conditions. 

The  experiment  given  in  table  29  is  slightly  different  from  those 
preceding.  After  the  anemia  period  we  have  1  week's  fast  which  shows 
as  usual  a  definite  gain  in  pigment  volume.    The  subsequent  3  weeks 
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TABLE  a 

i  regeneration— bread  and  milk — repeal  experiment.    Dog  I9-10t.  BuU  man- 


grel,  male,  age  B  to  6  monika 

f 

! 

1 

1 

1 

1 

s 

r-s 

^ 

\. 

^ 

^ 

In 

I 

is. 

i 

5 

i 

■ 

a 

i 

; 

i 

t 

I 

«- 

«. 

«. 

PJ 

fJTi 

kvm. 

«. 

1/30 

972 

944 

482 

453 

48.0 

103 

9.76 

97 

2;e 

1026 

1068 

006 

452 

42.3 

96 

0.63 

7,6 

16,0 

10.9.^ 

98 

2/6 

Diet:  Bread  and  milk 

2ff 

Bl«d  207  CO. 

2/8 

Bled  267  00.    No  distreas 

2/10 

418]    803|  594]  205  1  25.5 

52 

O.TOI  3.3 

ll,4|l0.26 

78 

2/10 

Diet:  283  grama  dried,  ground  white  bread, 

500  cc.  skim  milk 

2/17 

720 

951 

608 

337 

35.5 

76 

0.93 

4,1 

8,6 

lO.ft'i 

89 

2/20 

8Si 

1014 

592 

417 

41.1 

87 

0.65 

0,7 

ll,f 

11.26 

00 

•Poik.+ 

8 /.I 

1045 

l06^ 

575 

488 

Ah.l 

Wi 

0.7h 

6,4 

12,( 

ll.:i5 

»4 

•  Poik.  + 

3/10 

102( 

1045 

578 

462 

44.2 

97 

o.r 

6,6 

11,2 

11.55 

91 

•Poik.++ 

3/19 

1026 

1056 

576 

467 

44.2 

97 

0,70 

6,9 

12.0 

12.55 

80 

'Poik.++ 

3/22 

Diet:  Mixed  diet 

3/31 

1220{  1220{  644     564  I  46.2 

100 

0.67|  7,5 

12,6|l3.20 

93 

•Poik.++ 

3/31 

Diet:  Bread  and  milk 

4/1 

Bled  305  CO. 

412 

Bled  305  cc.    No  distress 

4/3 

470]    87^1  634  1  232  j  26,5 

54 

0,68|  4,0 

16.8|l2.50 

70 

•Poik.++ 

4/3 

Diet:  283  grama  dried,  gro 

ind  n 

hite  bread. 

500  cc.  skii 

nmil 

k 

4/11 

768 

1085 

702 

361 

33-3 

70 

0.69 

5.1 

7.4 

13.30 

82 

. 

4/18 

8* 

lOK 

650 

421 

38.t 

82 

0.& 

6.4 

12.f 

13.6( 

80 

4/25 

109« 

lie; 

660 

498 

42.t 

94 

0.6^ 

7.3 

9,( 

13.85 

84 

• 

5/2 

164f 

1485 

701 

760 

51. } 

111 

0.7^ 

7.5 

11,2 

14.55 

102 

• 

5/9 

1280 

1268 

667 

584 

46.0 

lOl 

0.64 

7.9 

19,8 

14.50 

87 

• 

*  Poiktiocytosia  of  red  cells. 

No  previous  anemia  experiments  with  this  dog. 
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ahow  a  stationary  pigment  volume  up  to  the  last  week,  when  there  is  a 
definite  gain.  This  diet  was  sufficient  for  maintenance  of  body  weight 
and  the  general  condition  was  uniformly  excellent. 


Blood  regenaraUon — bread  and  mi'U.    Dog  i8~tS3,    Brtndle  ball  mongrel,  t 
young  adult 


m 


Diet:  Bread  and  milk 


I  I  0.64|  5,6  I   18,8{n.60{    71  | 


440|    668|  459  I  203  I  30. 3|    66  |  0.85|  3,9  |  12,o|l0.90|    61  | 


5/8 
5/14 
5/14 


20|    802{  615  I  283  I  35. sj    77  {  0.73{  6,3  |  12,2{l0.3o|    78  | 


Diet:  100  grams  dried,  ground  white  bread.  500  ce.  Bkim  milk 


5/21 

6/28 
6/4 


852 

560 

270  31,7 

75 

0.73 

6,1 

17.0 

9.95 

96 

891 

582 

299  33.6 

71 

0.6<: 

5,4 

14.2 

9.9C 

90 

929 

574 

345  37.2 

86 

063 

6.8 

10,6 

9.75 

95 

'  Poik.  + 

■  Poik.  + 

■  Poik.  + 


*  Poikilocytoaia  of  red  cells. 

No  previous  anemia  experiments  on  this  dog. 

The  experimente  given  in  tables  30  and  31  are  very  similar  and  may 
be  discussed  together.  In  both  experiments  the  amount  of  bread  and 
milk  was  not  measured,  but  it  is  significant  that  there  was  a  slight 
but  definite  loss  of  body  weight  during  the  bread  and  milk  periods. 
It  is  to  be  expected,  therefore  that  the  diet  would  not  suffice  to  raise 
the  level  of  hemoglobin  and  pigment  volume  much  above  the  anemia 
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level.  The  larger  dog  (table  30)  does  show  a  slow  regeneration  toward 
normal  in  4  weeks,  but  the  smaller  dog  (table  31)  ^ows  almost  no  net 
gain  during  3  weeks.  There  is  a  little  gain  in  the  firat  week  which  is 
lost  subsequently. 

The  mixed  diet  reaction  is  very  nicely  shown  in  both  experiments 
(tables  30  and  31)  and  a  week  or  two  is  sufficient  to  make  up  the  deficit 
in  hemoglobin  and  establish  the  normal  level. 


Blood 

T«gtneralion-breai  and  milk.    Dog  18-113. 

Bull  mongrel,  fe, 

note,  age  i  (o 

Bmonfhi 

■  n 

it 

= 

i 

i 

i 

■ 

1 

s 

i 

ISg 

I 

a 

m 

i 

1 

d 
i 

1 

«. 

«. 

cc. 

cent 

z, 

*»m. 

Be. 

4/24 

970 

1000 

561 

429 

42.6 

97 

0.63 

7,7 

9.6 

9.75 

103 

4/24 

Diet:    Bread  and  milk— amount  not  measured 

4/25 

Bled  2G0  CO. 

4/26 

Bled  170  cc.    No  distreBS 

4/29 

41fi 

)V>3 

559 

277 

32.5     49 

052 

4.7 

12,6 

9.50 

90 

6/8 

.'ifl7 

77f 

468 

2ftR 

38.t     77 

0.6] 

6,3 

8.6 

9.i; 

85 

5/15 

878 

U« 

674 

44f> 

39,1     n 

0.4( 

7,9 

9,f 

9.1( 

125 

•Fragm. 

5/22 

(m 

fll2 

S.'iS 

341 

37.3     73 

0-52 

7.0 

10,J 

g.w 

98 

•Fragm. 

5f» 

701 

788 

473 

315 

40.0     89 

0.55 

8,1 

9,8 

9,10 

87 

•Fr«gm.++ 

5/29 

Diet;  Miiced  diet 

6/10 

M)  I    »40|  530  1  397  I  42. 2|  100  |  0.6o{  8,4 

10,2|l0.46|    90 

'Frsgm. 

•  Fragmentation  of  red  cells. 

No  previous  anemia  experiments  o: 


this  dog. 


A  bile  JUtuJa  experiment  is  included  (table  32)  to  show  that  these 
dogs  react  like  normal  dogs  as  regards  blood  pigment  production  after 
simple  anemia.  This  dt^  was  known  to  have  complete  exclusion  of 
bile  from  the  intestinal  tract  (sutopsy  notes).  His  general  condition 
during  the  entire  experiment  was  excellent  and  the  bread  and  milk 
diet  was  sufficient  to  maintain  the  body  weight  close  to  normal.  .Dur- 
ing the  entire  period  there  was  a  loss  of  only  1.4  kilos,  which  is  not 
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great  when  we  consider  the  size  of  the  dog  and  the  length  of  the  experi- 
ment (7  weeks).  There  was  a  slight  initial  gain  in  hemoglobin  and 
pigment  volume  which  was  subsequently  lost.  The  general  level  of 
pigment  volume,  red  cell  hematocrit  and  hemoglobin  is  pretty  nearly 
uniform  with  occasional  temporary  gains  and  losses.  It  is  of  interest 
to  note  a  steady  gain  in  number  of  red  cells  from  3,400,000  to  6,600,000. 
The  hemoglobin  gain  was  much  less,  which  gives  a  fall  in  color  index 


1 

i 

l 
i 

i 

3 
t 

!: 

I 

I 

ji 

1 

m 

^ 

1 

& 

> 

i 

s 
a 

1 

.„„„ 

«. 

«. 

«. 

tent 

tt«t 

h,m. 

«. 

tm 

655 

780 

394 

368 

47.2 

S4 

0.59 

7,1 

14.2 

7.00 

Ill 

4m 

Diet:  Bre&d  and  mil 

—amount  not  meaeured 

4/2fl 

Bled  195  cc. 

4/2S 

Bled  140  cc. 

4B9 

314 

582 

375 

200 

34.3 

54 

0.63 

4,3      26.2 

7.30 

80 

5(8 

572 

752 

467 

274 

36.45 

76 

0,5t 

6,5        9,4 

6,77 

111 

5/15 

675 

888 

522 

353 

39.8 

76 

0.5f 

6,4      25,( 

6.4C 

138 

5/22 

468 

5iia 

:f54 

233 

39.3 

7!) 

0.70 

5,6        6,0 

6.20 

96 

5/23 

Diet:  Mixed  diet 

5/29 

616 

607 

373     228 

37.5 

S5  1  OM 

6.6 

10,8 

fl.90 

88 

•  Poik. 

eyio 

769 

761 

438     318 

41.8 

101  1  0.73 

6,9 

14,2 

8.00 

95 

•  Poik. 

*  Poikilocytogia  of  red  cells. 

No  preriouB  anemia  eitperime&ts  on  this  dog. 

from  0.87  to  0.54.    This  is  not  uncommon  in  normal  dogs  under  similar 
experimental  conditions. 

Crackermeal,  milk,  lard  and  butter.  These  crackermeal  experiments 
were  performed  in  part  during  the  war  period  when  white  bread  was 
not  available.  This  crackermeal  consisted  of  an  unknown  mixture 
including  at  least  wheat,  barley  and  rice  flours,  possibly  others.  The 
experiments  show  reactions  which  resemble  accurately  those  observed 
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with-  white  bread.  A  mixture  of  gnuu  Sours,  therefore,  is  no  more 
efficient  in  promoting  a  regeneration  of  hemoglobin  and  red  cells  than 
white  bread  alone,  consisting  mainly  of  wheat  flour. 

Table  33  is  to  be  compared  with  table  30 — the  first  experiment  done 
with  white  bread  and  milk,  and  the  second  with  crackermeal  and  milk. 


Blood  regeneration — bread  and  milk  diet — bile  jUtula.    Dog  17-ISt. 
mongrel,  male,  yomtg  adult 


'!" 

B 
t 
i 

3 

. 

5 

. 

1 

i 

iii 

i 

■ 
It 

IE 

s 

1 

! 

i 

«. 

K. 

ptrcnt 

perc^ 

tfFOL 

«. 

5B8 

2673 

2158 

971 

1085 

55 

124 

0,72 

8,6 

6,2 

18.20 

113 

6/28 

Diet:  Bre&d  and  milk 

BS9 

Bled  MO  cc. 

SIX 

Bled  540  cc. 

5/31 

8301 

6  1  17.50 

80 

5/31 

Diet:  Bread  and  milk— amount 

not  measure 

«» 

law 

1557 

1059 

498 

32 

68 

0,77 

4,4 

9,8 

17.20 

90 

6/16 

1575 

1852 

1222 

630 

34 

85 

0,65 

6,5 

6.6 

le.ac 

no 

«/H 

1274 

1464 

937 

527 

36 

87 

0.63 

6.9 

10,8 

16. 4t 

89 

6/29 

990 

1415 

920 

495 

35 

70 

0.49 

7.2 

7,4 

16. 1( 

88 

7/6 

1150 

ISW 

»50 

582 

3S 

75 

0.54 

6,9 

6,8 

i5.e( 

96 

7/13 

1480 

1741 

1097 

644 

37 

85 

0-56 

7,7 

13.8 

1S,9( 

100 

7/18 

1118 

1574 

1039 

645 

34 

71 

0.54 

6,6 

13.8 

16.10 

98 

Btocid  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
No  previous  anemia  experiments  oa  this  dog. 

These  experiments  were  performed  dming  a  period  of  rapid  growth 
and  the  diets  in  each  instance  were  sufficient  to  preserve  body  weight. 
There  was  a  slight  gain  in  weight  during  the  crackermeal  experiment. 
Both  experiments  show  a  slow  steady  gain  in  pigment  volume,  hemo- 
globin and  red  cell  hematocrit.  We  may  say  the  curves  are  as  nearly 
identical  as  one  can  hope  to  obseri'e  in  this  type  of  experiment. 
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After  a  period  of  8  weeks  of  crackermeal  and  milk  diet  the  dog  Bud- 
denly  developed   acute  dietary  deficiency  disease  which  resulted  in 


Blcod 

Dog  tS-SlS 

Bull  mongrel,  female, 

age  S  to  9  monlht 

5 

: 

i 

i 

, 

\ 

"1 

1 

III 

s 

I 

1 

i 

6 
m 

1 

«. 

cc. 

«. 

SHi 

cml 

km. 

«. 

8/14 

1556 

1136 

571 

557 

49.0 

137 

0.81 

8,4 

5,2 

12.85 

88 

8/lS 

Diet:  Bread  and  milk 

8/16 

Bled  284  ec. 

8/17 

Bled  284  cc. 

8/19 

7m|  978  1  699  1  270  1  27. d    73  |          | 

|l2.45 

79 

8/19 

Bled  220  cc. 

8/21 

804|  1200|  358  1  323  1  26.9|    67  [  0.84{  4,0 

26,2|l2.35 

97 

8/21 

Diet:  200  grams  crackermeal,  500  cc.  milk 

BI2? 

788 

984 

fifl7 

308 

31.3 

80 

0.80 

5,0 

12,4 

12,6(J 

79 

•  Poik. 

9/4 

8W 

im 

670 

367 

35.{ 

85 

0.6t 

6,4 

8.f 

12. K 

84 

•Poik.++ 

9/11 

1071 

1135 

688 

441 

38. t 

95 

0.65 

7,3 

6.^ 

12.55 

90 

•  Poik.  ++ 

9/li 

II3( 

115i 

700 

442 

38.^ 

99 

O.ffl 

7.4 

18,f 

12.fi( 

»2 

•Poik.++ 

9/21 

I38( 

1315 

737 

558 

42.5 

105 

0.6; 

7.8 

I4.( 

12. 9( 

102 

•  Poik.  + 

10/9 

1085 

111£ 

640 

497 

44,^ 

97 

o.« 

7.7 

ll,f 

I2.8( 

93 

lo/i; 

1290 

1377 

728 

536 

42,0 

101 

12.75 

100 

10/18 

Diet:  Mixed  diet.    Extra  meat.    Dietary  d 

fieiency  di 

ease 

10/25 

788J  1050  690  I  366  1  33-8|    75  |  0.58|  6.5 

10,8[l0.35 

101 

10/26 

Killed.    Autopay 

*  Poikilocytosis  of  red  celts. 

Refer  to  table  30,  bread  and  milk  experiment. 

death  1  week  later.  Note  the  fall  in  blood  volume,  hemoglobin  and 
red  cell  hematocrit  dunng  this  short  period.  The  autopay  findings  will 
not  be  discussed  at  this  time. 
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Table  34  presenta  a  long  experiment  in  which  the  diet  is  cracker- 
meal,  lard  and  butter  in  sufficient  amounts  to  preserve  the  body  weight 
and  permit  of  a  gain  of  0.7  kilo  during  the  period  of  12  weeks.  No 
previous  anemia  experiments  had  been  performed  on  this  dog,  which 

TABLE  14 

Blood  regeneralion — crackermeal,  lard  and  butler.    Dog  17-tOB.    Bull  mongrel, 
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i 

«. 
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«. 

ptroM 

P<r«nf 

kt". 

oc. 

10/29 

1450 

1058 

571 

487 

46 

137 

0.87 

7.9 

8.6 

10.70 

90 

10/29 

Diet:  Bread 

and  a 

Jlk 

10 /» 

Bled  26S  ce. 

10/31 

Bled  266  cc. 

n/2 

522  [    790 

40|      79 

11/2 

Diet:  200  gr 

ams  cr 

ackem 

eal,  IC 

grams  lard, 

10  grams  butter 

11/9 

559 

860 

685 

275 

32 

65 

6.2 

10.30 

83 

11/16 

MK 

1088 

064 

425 

30 

87 

1.01 

i.3 

!«,» 

10. 3C 

105 

11/23 

WIS 

law 

589 

463 

44 

92 

0.90 

5.1 

9,2 

10, 3( 

102 

U/28 

098 

998 

549 

449 

46 

100 

0.78 

«,4 

9,2 

10. 3( 

97 

12/5 

1111 

1028 

655 

473 

4S 

108 

0.86 

e,s 

8,8 

10. 4( 

99 

12/10 

1070 

1008 

544 

464 

40 

loe 

0.82 

a,5 

13.6 

10.21 

99 

12/19 

904 

913 

511 

404 

44 

99 

0.77 

«,< 

13.6 

10. 6C 

86 

12/26 

44 

110 

0.79 

7,5 

8.0 

10. 6C 

1/2/18 

48 

124 

0.78 

7.9 

10.2 

10. 5C 

1/9 

46 

127 

0.79 

».o 

12.8 

10.71 

1/17 

46 

127 

0.85 

7,5 

14,2 

10. 7C 

1/23 

1480 

1139 

692 

546 

48 

130 

0.69 

9,4 

13,4 

11.10 

103 

No  previous  anemia  experimeata  od  this  dog. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

may  account  for  the  fact  that  the  blood  regeneration  finally  carried  the 
level  to  normal.  This  reserve  has  been  mentioned  in  the  preceding 
communication.  The  gain  is  very  slow  and  at  times  there  appears  to 
be  a  slight  loss  in  red  cell  hematocrit  or  hemoglobin  or  pigment  volume. 
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The  end  result  after  12  weeks  of  this  diet  may  be  accepted  as  normal. 
It  is  unusual  that  this  dog  tolerated  this  diet  for  such  a  prolonged 
period  wiUiout  any  signs  of  dietary  deficiency  disease.  A  subsequent 
experiment  (paper  V)  shows  dietary  deficiency  symptoms  in  this  same 
dog  after  a  shorter  period  of  a  similar  diet. 


Blood  TegentTation—traekenruat, 

ard  and  butler. 

Dog  HhteO 

White  6uU  vum- 

{/ret,  female,  age  It  monlht 

1 

3 

t 

1 

\ 

t 

1 

1 

1 

^ 

s 

mui*BM 

1 

d 

> 

i 

3 

u 

<■ 

<• 

a 

m 

* 

* 

«. 

«. 

«. 

T*r 

^ 

ktm. 

«. 

3/4 

1318 

looe 

533 

473 

47 

121 

0.67 

9,1 

7,2 

10.00 

100 

3/4 

Diet:  Crackenn 

eal,  lard  and  butter 

3(6 

Bled  262  cc. 

3/7 

Bled  242  cc. 

3/9 

726  1    844|  591 

256  1    30  1    86  1  0.86J  5.0 

9,4|  9.60 

8,1 

3/9 

Diet:  206  gr&m 

crackermeal,  10  gruua  larij 

10  grama 

sutler 

3/15 

732 

842 

581 

261 

31 

87 

0.72 

6.0 

8,4 

9.30 

91 

3(20 

7U 

m 

517 

267 

34 

97 

l.« 

4.5 

»,! 

9.3( 

84 

3/27 

840 

785 

526 

259 

33 

107 

0.89 

6,0 

8,6 

9.20 

85 

Slight  diar- 
rhea 

4(3 

812 

805 

531 

274 

34 

101 

0.8; 

6,1 

15,i 

8.9( 

90 

4/9 

845 

836 

535 

301 

36 

101 

0.78 

6,5 

12,6 

9.10 

92 

Experimental  history,  see  table  18-b. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

The  experiment  given  in  table  35  is  very  much  like  the  preceding 
one  but  for  the  fact  that  this  dog  had  been  observed  previously  in 
anemia  periods  (see  experimental  history  18-b).  The  blood  regenera- 
tion is  very  slow  on  the  same  amount  of  crackermeal,  lard  and  butter. 
There  was  a  slight  loss  of  weight  on  this  diet  which  contains  a  sufficient 
number  of  calories  per  kilo.  This  is  to  be  explained  by  the  presence 
of  diarrhea. 
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The  addition  of  milk  powder  (table  36)  to  tbe  lard,  butter  and  crack- 
ermeal  diet  does  not  modify  the  curve  of  blood  regeaeration  nor  does  it 
prevent  the  development  of  the  dietary  deficiency  disease  after  a  period 
of  1  month.  The  peculiar  reaction  of  the  red  cell  hematocrit  which 
actually  diminishes  as  the  hemoglobin  and  red  cell  count  increase  may 
be  explained  in  part  by  the  use  of  dry  oxalate  in  varying  amounts. 


Blood  regeneration — crackermeal,  lard,  butler  and  milk  powder.    Dog  I6-140,    Bull 
mongrel,  male,  yovng  adult 


i 

iii 

pi 

i 

j 

\ 

ij 

ji 

3 

! 

; 

1 

s 

2 

1 

«. 

«. 

«. 

r^ 

ttnt 

ktm. 

«. 

3/4 

2212 

1616 

711 

905 

S6 

137 

0.77 

8,9 

6,8 

IS.  10 

107 

3/4 

Diet:  Crackermeal,  lard  and  butter 

3/« 

Bled  414  cc. 

3/7 

Bled  3M  cc. 

3/9 

102?!  1222I  880  I  465  1    38  I      8* 

0.87|  4,8 

13,2]U.30 

8=1 

3(9 

Diet:  163  gr&mB  crackenneal,  10  grams  lard,  10  grama  butter, 

100  i  grams  milk  powder 

3/15 

1215 

1322 

846 

476 

36 

92 

0.S8 

5.2 

11,2 

14.8 

89 

3(20 

ii,-;; 

12«1 

88;{ 

44ti 

:i5 

90 

O.W 

5,1 

9,1 

15.0 

«5 

3(27 

ia5G 

122; 

834 

392 

32 

86 

O.S^ 

5.1 

8,1 

14.fi( 

«3 

4(3 

135( 

132^ 

834 

490 

37 

102 

0.7; 

6,6 

W 

14. 6( 

91 

4/9 

1408 

1267 

855 

402 

32 

112 

0.S4 

6,7 

11,6 

14.10 

89 

*  Dietary  deficiency  disease.    Deatb  April  17. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sabli  tubes. 

The  pigment  volume  r^eneration  is  about  the  expected  amount  in 
view  of  the  diet  which  was  sufficient  to  maintain  but  not  increase  the 
body  weight. 

The  next  three  experiments  may  be  discussed  in  a  group  (tables 
37,  38  and  39).  The  influence  of  splenectomy  is  concerned  in  two 
of  these  experiments  and  under  these  experimental  conditions  the  blood 
regeneration  appears  to  progress  in  a  normal  fashion,  at  leaat  for  a  time. 
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TABLE  3C-B 

Experimental  htslary. 

Dog  le-liO 

„„,_ 

— 

BLOO.™.«,«- 

— 

^r; 

Blood  per 

Begin  9/13/16 
Bled  450  cc. 
End  10/13/16 

Mixed 

8.1 
8.4 
10.1 

(3  bleedings) 

Begin  11/6/16 
Bled  660  cc. 
End  12/16/16 

Pasting,  metabolism 
Sugar,  metaboliam 
Gliadin,  sugar 
Gelatin,  sugar 

9.3 
8.2 
6.4 

(4  bleedingB) 

Begin  9/11/17 
Bled  712  cc. 
End  10/19/17 

Sugar,    metabolism 
fraction  of  gelatin 

1570 
756 
1273 

109 
90 
130 

13.1 

12.6 
9,3 

Begin  3/4/18 
Bled  808  ce. 
End  4/9/18 

Crackermeal,     lard, 
butter,  milk  pow- 
der 

2210 
1025 
1385 

107 

85 
89 

15.1 
14.3 
14.1 

Table  36 

Dietary     deB- 
ciency     dis- 
ease 

TABLE  S7 

I  regeneration — eraekermeal,  lard,  butler,  al/alfa  meal.    Dog  i 
mongrel,  female,  youiig  adult 


■ 

■  a 

1 

1 

\ 

i 

a 

6 

S 

1 

i 

A 

1 

1 

£ 

i 

■ 

a 

M. 

ce. 

M. 

fxronl 

P>r  onl 

ktm. 

«. 

3/11 

2038 

1358 

584 

774 

57 

150 

0.88 

8.5 

9,2 

12.40 

109 

3/11 

Diet:  Bread 

andm 

ilk 

3/13 

Bled  339  cc. 

3/14 

Bled  340  cc. 

3/16 

908]    966 

570 

396  1    41 

94 

1.04 

4,5 

15,6 

I1.40|      82 

3/16 

Diet;  Crack 

ennea 

lard,  butter 

40  gr 

ufsal 

alfam 

eal 

3/22 

U75 

1118 

548 

570 

51 

105 

0.86 

6.1 

22,2 

10,70 

103 

3/29 

1250 

1058 

561 

498 

47 

118 

0.75 

7,9 

14,6 

10. a 

98 

4/4 

1322 

1076 

581 

495 

46 

123 

0.74 

8,3 

12.4 

10. 9( 

99 

4/10 

1598 

1102 

595 

508 

46 

145 

0.75 

9,7 

11,4 

U-00 

100 

■Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubea. 
No  previous  anemia  experiments  on  this  dog. 
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TABLE  tS 

Blood    regeneralion—cTockermeal,    lard   and    btUler—aptenectomy.    Dog    17-183. 
BmU  mongrel,  male,  yovng  adult 


% 

, 

. 

S 

1 

s 

j 

i 

m 

a 

a 

5 

i 

i 

6 

m 

1 

f 

cc. 

«. 

«. 

SJ* 

cent 

ktm. 

«. 

9/3 

mo 

1069 

588 

481 

45 

104 

0.72 

7,2 

a.2 

10.0 

106 

9/3 

Diet:  Bread  and  milk 

fl/4 

Bled  279  cc. 

9/5 

Bled  279  cc. 

9/7 

388|    719|  532  1  187  I    26 

64     0.90|  3.0 

22,4|  9.70 

74 

9/7 

Diet:  200  gramB  crackermeal,  20  grams  lard 

»/14 

filO 

813  512 

301 

37 

75 

1.01 

3,7 

10,2  9.60 

85 

9/21 

728 

867  512 

355 

41 

84 

5,8 

5,6 

9.60 

91 

9/22 

Diet:  200  grama  crackerme 

al,  10  grams  larc 

10  grams 

liutte 

9/28 

754 

820 

492 

328 

40 

92 

0.72 

6,7 

8,0 

9.60 

85 

10/5 

70- 

801 

456 

344 

43 

88 

0.7: 

6,0 

13,< 

9.8t 

80 

10/12 

SIX 

84J 

517 

331 

39 

95 

0.82 

6,8 

5.f 

9.7( 

87 

10/17 

KH( 

91  < 

5:« 

:ff5 

41 

97 

0.8t 

6,6 

6,f 

9.7( 

94 

10/25 

set 

914 

585 

329 

36 

95 

0.7f 

6,0 

8.( 

9.8( 

93 

10/31 

145 

596 

518 

78 

13 

24 

0.75 

1,6 

20,4 

9.70 

61 

• 

• 

5eath 

{In 

terna 

faem 

>rrha 

ea,  u 

■obilii 

inu 

ine-f 

+.) 

Blood  volume  bj'  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

TABLE  3S-H 

Experimental  hittory.    Dog  17-163  {splenectomy) 


*T101I 

^V 

Blood  PBT 

kam. 

Begin  4/24/17 

Meat,  Blaud-8  pills 

918 

102 

9.0 

Table  75 

Bled  458  cc. 

340 

76 

8.9 

End  6/6/17 

1063 

117 

8.6 

Begin  9/3/17 

Crackermeal,  lard 

1112 

106 

10.0 

Table  38 

Bled  558  cc. 

Crackermeal,  lard, 

388 

74 

9.7 

9/21/17 

butler 

728 

91 

9.6 

10/25/17 

868 

93 

9.8 

End  10/31/17 

143 

61 

9.7 

Deathll/1/17 
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Table  38  illustrates  &  Dot  iufrequeDt  coDdition  which  de^'elops  in  sple- 
nectomized  dogs  loade  aDemic  ODd  fed  on  s  limited  diet.  We  ha\'e 
pointed  out  elsewhere  (1)  that  there  is  a  remarkable  condition  which 
may  develop  in  splenectoDiized  bile  fistula  dc^.  In  these  bile  fistula 
dc^s  if  anemia  is  produced  we  may  observe  periods  of  spontaneous 
blood  destruction  and  enormous  pigment  overproduction.  Under 
such  conditions  it  was  suggested  that  the  body  was  forming  its  maxi- 


Bto^   regeneration — erackermeal,   lard,   butler,   alfalfa   meal — gpUneclomy. 
17-Si.    Bull  mon{/Ttt,  female,  young  adult 


Dog 


2 

5' 

■  3 

lit 
III 

! 

5 

t 

■ 

f: 

! 

S 

2 

a 

i 

d 

li 

i 

Ir-. 

«. 

3/U 

1776 

1345 

740 

606 

4S 

132 

0.»4 

7,0 

11,8  1  16.10 

84 

3/11 

Diet:  Bread 

and  milk 

3/13 

Bled  336  cc 

3/14 

Bled  336  cc 

3/16 

828  1  1034 

765  1    269 

26 

80 

1.14 

3.5 

22,0  1  I5.30|    68 

3/16 

Diet:  Crack 

enneal,  lard. 

butUT 

50  gn 

imsalf 

ftlfam 

al 

3/22 

1128 

1128 

722 

407 

36 

100 

1.00 

5,0 

17,4 

14.80 

76 

3/29 

12«2 

1187 

760 

427 

36 

108 

0.93 

5.8 

17,0 

15  2f 

78 

4/4 

1185 

1162 

732 

430 

37 

102 

0.77 

6.6 

16,2 

IS,  Of 

77 

4/10 

1371 

1193 

740 

453 

38 

115 

1.08 

5.3 

16.8 

14,80 

81 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
Experimental  history,  see  table  17-b. 

mum  amounts  of  pigment  material  (hemoglobin  as  well  as  bile  pig- 
ment) but  the  red  cell  stroma  was  lacking  in  quantity  or  quality.  It 
was  suggested  that  the  spleen  might  be  concerned  in  the  development 
of  red  cell  stroma.  These  present  exeriments  may  point  to  the  pro- 
duction of  faulty  red  cell  stroma  under  such  conditions  (table  38)  but 
some  readers  may  wish  to  postulate  the  development  of  some  unknown 
poison  to  explain  the  distintegration  of  the  red  cells  in  our  splenectomy 
experiments.    This  condition  develops  very  abruptly  and  may  super- 
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vene  in  a  dog  with  relatively  aormal  red  cell  count  and  hemc^lobin 
values.  Within  2  or  3  days  the  red  cell  count  may  fall  to  one-third 
normal  (table  38)  and  abnormal  pigments  appear  in  blood  serum  and 
urine.  Much  more  study  must  be  given  to  this  condition  and  we 
expect  to  report  further  work  in  this  line. 

Alfalfa  meal  was  added  to  the  diets  in  two  of  these  experiments. 
These  experiments  give  no  evidence  to  indicate  that  alfalfa  meal  exerts 
a  definite  influence  upon  the  curve  of  hemoglobin  regeneration  in  the 
dog.  The  alfalfa  meal  used  in  our  experiments  was  the  usual  grade 
of  finely  ground  alfalfa  purchased  on  the  open  market. 

Rice,  potatoes  and  milk.  We  may  consider  the  next  group  of  experi- 
ments as  a  unit  (tables  40,  41,  42,  43  and  44).  In  principle  all  these 
experiments  are  similar  and  the  results  are  remarkably  uniform.  In 
the  first  four  experiments  the  dogs  were  bled  and  placed  upon  a  uni- 
form diet  of  cooked  rioe,  boiled  potatoes  and  skim  milk.  The  regen- 
eration in  most  of  the  experiments  was  slow  but  imiform  with  the  end 
result  after  5  to  6  weeks  about  normal  or  slightly  below  the  normal 
blood  level.  After  this  there  followed  a  short  period  (7  to  10  days)  of 
mixed  diet.  Then  a  second  period  of  anemia  and  blood  regeneration 
upon  the  same  rice,  potato,  milk  diet  was  observed.  These  second 
periods  are  replicas  of  the  first  regeneration  periods  on  this  same  diet. 

It  is  clear  that  a  liberal  diet  of  cooked  rice  and  potato  with  skim 
milk  sufficient  to  maintain  or  slightly  increase  the  body  weight  will 
give  a  slow  steady  gain  in  blood  pigment,  red  cell  hematocrit,  red  cell 
count,  etc.,  which  will  often  bring  the  regeneration  curve  back  to  nor- 
mal or  close  to  normal. 

Two  experiments  are  exceptions  to  the  general  reaction  (tables  40 
and  44).  Table  40  shows  a  regeneration  which  is  incomplete  and  not 
back  to  normal  in  5  weeks.  In  fact,  during  the  last  month  the  regen- 
eration is  not  in  evidence  and  the  p%ment  volume,  hemi^lobin  and 
red  cell  hematocrit  are  stationary.  There  was  a  alight  loss  of  weight 
during  this  period  but  the  dog  was  very  active  and  normal  in  all  re- 
spects. The  second  anemia  regeneration  period  shows  an  identical 
reaction.  Table  44  shows  a  still  more  striking  difference  from  the 
normal  average  regeneration.  This  d(%  refused  to  eat  the  amounts  of 
rice  and  potato  and  milk  given  at  first.  She  ate  the  amounts  recorded 
in  table  44,  which  amount  to  about  50  per  cent  that  given  to  the  other 
dc^,  or  50  calories  per  kilo  body  weight.  During  6  weeks  there  was 
a  loss  of  2.5  kilos  and  the  blood  regeneration  was  only  slight  during 
this  whole  period. 
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Blood  regeneration — riet,   potatoe 
Bull 


TABLE  40 

and  milk— repeat  experiment.    Dog  IQ-IOf. 
'iongrel  ptip,  male 


■! 

b 

I 

s 

i 

i 

i 

3 

d 

1 

1 

! 

■ 

1 

I 
1 

■ 

« 

w 

" 

■ 

► 

«. 

«. 

«. 

^ 

^ 

kgm 

«. 

1/30 

1367 

1087 

465 

fi02 

56.4 

128 

8.75 

122 

2/6 

1394 

1078 

46S 

594 

55-1 

129 

o.es 

9,5 

14,8 

9.00 

120 

2» 

Diet:  Bread  and  milk 

2/7 

Bled  270  cc. 

2/8 

Bled  270  cc.    No  dmtress 

2/10 

3a3|    630|  457  1  170  1  26.9|    58  [  0.76|  3,8 

25,8J  8.35|    75 

2/10 

Diet:  363  grams  rice,  417  grams  potatoes,  500  cc.  milk 

2/17 

692 

765 

451 

311 

40.6 

90 

0.82 

5,5 

II,B 

8.00 

96 

2/26 

93£ 

S5E 

461 

404 

47.<1 

109 

0.75 

7.3 

8,4 

8.0( 

107 

3/S 

807 

81t 

445 

366 

44.! 

99 

0.70 

7.1 

10.2 

7.9( 

103 

•  Poik.+t 

3/10 

91C 

SK 

419 

410 

49.2 

109 

O.80 

6.8 

10,C 

7.S5 

106 

•  Poik. 

3/19 

814 

773 

402 

362 

46.9 

105 

0.67 

7,8 

9,0 

7.85 

98 

•  Poik.+t 

3/21 

Diet:  Mixed  diet.    Extra  food 

3/31 

lOSej    898|  433  1  4»  1  50, 8|  115  {  0.69|  8,3 

12,2|  8.65|  104 

3/31 

Diet:  Bread  and  milk 

4/1 

Bled  225  cc. 

4/2 

Bled  225  cc.    NodiBtress 

4/» 

462|    688[  462  1  223  1  32, 4|    67  j  0-8^  3.8 

24,8|8.20|    84 

4/3 

Diet:  363  grfutu 

rice,  417  grams  potatoes,  SC 

10  cc.  milk 

4/11 

6.W 

780 

469 

4/18 

701 

772 

435 

4/2S 

76( 

7W 

421 

5/2 

m 

8ie 

421 

5/9 

791 

804 

431 

*  Poikilocytosie  of  red  cells. 

t  Only  300  cc.  ot  milk  given. 

t  Gave  300  grams  rice  and  300  grams  potatoes. 

No  previous  anemia  experiments  on  this  dog. 
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TABLE  II 

Blood  reoentralion — rice,  polaloet  and  milk — repeat  experiment.    Dog  19-95.    Bull 

mongrel,  male,  age  B  montht 


^^1 
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1 
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\ 

i 

r= 

1 

t 

■ 

3 

<• 

i 

! 

« 

1 

I 

■  UTAUa 

s! 

■ 

■ 

a 

B 

- 

* 

» 

'<i 

«. 

«. 

«. 

pn- 

S^ 

kem. 

«. 

1/16 

1232 

1130 

595 

528 

46.4 

109 

0.67 

8,2 

18,0 

11.35 

100 

1/16 

Diet:  Crackenneal  and  milk 

W17 

Bled  2S2  cc. 

1/18 

Bled  282  cc.    No  diatreae  . 

1/20 

560|    82*1  602  1  218  1  26. 4|    68  |  0.77J  4,4 

30,^11,00 

75 

1/20 

Diet:  418  gramB  boiled  rice,  490  gramB  potatoes,  500  cc 

milk 

1/27 

742 

974 

574 

395 

40.6 

76 

0.72 

5,3 

16,2 

12.75 

76 

2/3 

g» 

97t 

531 

435 

44. ( 

98 

0.65 

7,5 

22,f 

11.15 

87 

3/12 

98: 

loi; 

538 

461 

45. f 

97 

0.75 

6,5 

14.: 

10. 9( 

93 

2/19 

im 

lOOC 

511 

480 

48.( 

104 

0.7C 

7.4 

lO.f 

10-6( 

95 

2/28 

124i 

lOM 

514 

538 

50  ! 

118 

0,8f 

6.7 

9,E 

10. 8( 

98 

•  Poik.+ 

3/7 

983 

1006 

521 

475 

47.2 

98 

0.87 

7,2 

10.011.20 

90 

•  Poik.+ 

3/10 

Diet:  Mixed  diet 

3/17 

1092]  I130|  640  1  484  1  42. s]    97  |  0.84|  6,8 

13,o[l2,80 

88 

•Poik. 

3/17 

Diet:  Crackermeal  and  milk 

3/18 

Bled  283  cc. 

3/19 

Bled  283  cc.    No  distress 

3/21 

570{    934]  664  1  251  1  26.9|    61  |  0.92|  3,3 

18,0|l2.45 

75 

•Poik.- 

3/21 

Diet:  418  grams  boiled  rice,  490  grams  pota 

toea,  500  cc 

.mill 

3/28 

577 

834 

576 

250 

30.0 

69 

0.86 

4,0 

6,0 

11.75 

79 

•  Poik. 

4/2 

741 

m 

605 

334 

35  .t 

78 

UK 

6,2 

ii,e 

11. 8C 

81 

•  Poik.+ 

4/9 

77? 

97f 

600 

371 

38 ,( 

79 

on 

5,6 

8,2 

11.85 

82 

4/16 

9S^ 

1046 

588 

448 

42.^ 

94 

0,6! 

6,8 

10,4 

11. 9C 

98 

4/23 

I0S5 

1073 

576 

492 

45. f 

101 

0,6! 

7,4 

20,0 

11.95 

90 

4/30 

1237 

1168 

576 

581 

49.7 

106 

0,65 

8,1 

8.2 

11-95 

98 

*  Poikilocytosis  ol  red  cells. 
No  previous  aDcmia  experiment)! 
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TABLE  12 

d  Ttgtneralion—Tice,  potatoes  and  milk — repeal  experiment.    Dog  19-SS.    Bull 
I  mongrel,  female,  age  5  montkt 


■  a 

„ 

3 

1 

i 

1 

1 

m 

A 

A 

i 

a 

t 

1 
> 

I 

""'"■ 

«. 

«. 

«- 

f^ 

ptr 
ant 

km. 

«. 

1/16 

1435 

1380 

742 

616 

44,7 

104 

0.59 

8,9 

18.6 

10.95 

126 

1/16 

Diet:  Bread  aod  milk 

1/17 

Bled  345  oc. 

1/18 

Bled  245  t 

c.    No  distress 

grsms  boiled  rice,  475  grams  potatoes,  600  cc.  mill 

1/20 

504|    8£ 

1/M 

Diet:  400 

1/27 

768 

1084 

638 

436 

40.2 

71 

0.48 

7.* 

10,8 

10.35 

105 

•  Slight 

2/3 

1058 

1080 

570 

494 

45.7 

98 

0.60 

8,1 

15,2 

0.55 

113 

'  Slight 

Cells 
small 

2/12 

104C 

106; 

666 

482 

45.; 

98 

0.6t 

7,1 

8.< 

9.9t 

107 

• 

2/19 

1245 

UK 

570 

682 

60  .t 

107 

0.7; 

7,3 

6,1 

tt.fi6 

122 

•  Slight 

2/2» 

1255 

1126 

6*W 

640 

4H  r 

112 

O.W 

rt.7 

5.* 

9.65 

116 

•  Slight 

3/7 

1098 

1127 

668 

642 

48.1 

08 

0.73 

6.7 

6,0 

10.35 

113 

•  Slight 

3/10 

Diet:  Mixed  diet 

3/17 

1041^  1004]  616  j  47S  I  47. 6|  104  {  0.7o|  7,4        7,8|ll.35{    89 

•  Slight  ■ 

3/17 

Diet:  Bread  and  milk 

3118 

Bled  251  cc. 

3/19 

Bled  251  cc.    No  distress 

3/21 

660J    916|  647  1  260  1  28.4|    62  [  0.84|  3,7  |  12,2|n.l6|    82  |  • 

3/21 

Diet:  400  grams  boiled  rice,  476  grams  potatoes,  500  cc.  milk 

3/28 

896 

1028 

914 

397 

38.6 

87 

0.85 

6,1 

7,8 

11.35 

90 

4/2 

90S 

1085 

631 

433 

39. <: 

84 

0.65 

6,6 

8.* 

11. 2( 

97 

•  Slight 

4/» 

«W 

m. 

56H 

412 

41  .f 

87 

0.f» 

7.2 

6,W 

11.35 

H7 

4/16 

nsf 

in; 

666 

530 

47.7 

102 

0,67 

7.6 

8,S 

11. 3( 

98 

•  Slight 

4/23 

1212 

1141 

568 

557 

48. S 

106 

0.57 

9.3 

6.S 

11.35 

100 

4/30 

1313 

119S 

572 

604 

50.4 

110 

0.58 

9.5 

7.4 

11.15 

107 

•  Slight 

•  Poikilocytoaia  of  red  cells. 

No  previous  anemia  experiments  o 


,v  Google 


C.   W.    HOOPER,    F.   S.    ROBSCHEIT   AND   Q.    H.    WHIPPLE 
TABLE  a 

'  regentration — rice,    polaloei  and  milk — repeat  experiment.    Dog  19-tOS, 


Bull  mongrel,  femaU,  age  5  monthe 

t 

1 

1 

s 

1 

i 
\ 

"-— 

ec. 

«. 

«. 

^ 

turn. 

«. 

1(30 

HOC 

1077 

588 

483 

44.{ 

102 

9.55 

113 

2/6 

978 

1020 

598 

428 

41,9 

96     0,61 

7,9 

12,6 

10.00 

102 

2/» 

Diet:  Bread  aod  milk 

2f7 

Bled  26S  cc. 

2/8 

Bled  255  CO.    No  distress 

2/10 

430J    SOSJ  eOOJ  204  1  2S.3|    53  {  0.78|  M  |     9,o{  9.45 

85 

2/10 

Diet:  411  grains  rice,  472  gramB  potatoes,  600  cc.  milk 

2/17 

770 

S54 

485 

365 

42.7 

90 

0.78 

5.8 

12.4 

8.85 

06 

2/2B 

99e 

9S1 

520 

446 

45.5 

102 

0.6E 

7,5 

10,f 

9.K 

108 

3 /.I 

1305 

107( 

491 

574 

53. f 

122 

O.S( 

7,6 

8,4 

9.2( 

116 

3/10 

106S 

loot 

526 

476 

47.3 

106 

0.6f 

7.8 

7.( 

9.2c 

110 

3/19 

1065 

986 

499 

477 

48.41  108 

0.72 

7,5 

9.0 

9,60 

103 

■ 

3/21 

Diet:  Mixed  diet.    Extra  fcM»d 

3/31 

iioaj  iiosj  600  1  492  1  44. ej  100  1  o.7i|  7,0  |  lo.sjio.es 

103 

3/31 

Diet:  Bread  and  milk 

4(1 

Bled  276  cc. 

1/2 

Bled  276  cc.    No  distress 

4/3 

444[    837|  612  [  220  1  26. 3J    63  j  0.76|  3.5  |  11.^10.40 

80 

4/3 

Diet:  411  grama  rice,  472  grams  potatoes,  500  cc.  milk 

4(11 

756 

9A4 

603 

347 

36.0 

79 

0.76 

5,2 

8,8 

10.70 

90 

4(18 

803 

951 

570 

377 

SUA 

U 

0.5: 

7,4 

14,f 

10.55 

91 

im 

97C 

lOK 

546 

439 

43. f 

97 

O.W 

7,6 

7.S 

10.65 

94 

6(2 

1077 

1051 

560 

491 

46.5 

102 

0.62 

8.2 

11. ( 

10.35 

102 

6/9 

1045 

1062 

592 

460 

43.3 

98 

0,65 

7.5 

14.6 

10.50 

101 

*  Poikilocytoais  of  red  cells. 

No  previous  anemia  experiments  on  t. 
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This  experiment  (table  44)  shows  admirably  a  reaction  noted  in 
Other  experiments.  The  bleeding  reduced  the  hemoglobin  from  123 
per  cent  to  59  per  cent  and  the  red  cells  from  7,500,000  to  3,300,000. 
During  the  6  weeks'  observation  we  note  a  rise  of  only  24  per  cent  hemo- 
globin but  the  red  count  returns  to  normal.    The  color  index  of  course 

TABLE  41 

Blood  regeneration — rice,  potatoei  and  milk.    Dog  {9-08.    Ball  mongrel,  female, 
age  8  monthi 


1 

f 

in 
pi 

1 

3 

i 

m 

i 

s 

! 

i 

E 

5 

«. 

«. 

«. 

^ 

z, 

ktK,. 

«. 

3/17 

1530 

1238 

568 

663 

53.6 

12J 

0.82 

7,5 

11,4 

13.60 

92 

3/17 

Diet:  Crackermeal  and  milk 

3^18 

Bled  310  cc. 

3/19 

Bled  310  cc.    No  distress 

3/21 

S27|    89l|  636  1  246  I  27. 6{    59  |  0.89]  3,3 

14,2|  12.40 

72 

3/21 

Diet:t  200  grams  boiled  rice,  200  grams  pot 

atoea.  fiOOc 

e.  milk 

3/28 

616 

835 

551 

267 

32.0 

74 

0.93 

4,0 

14,8 

11.55 

79 

412 

66: 

911 

59« 

:ws 

:b.< 

73 

0.65 

5,fl 

11.^ 

U.X 

Kl 

■Poik.+-|- 

4rt» 

m 

96( 

581 

368 

38. < 

82 

0.51 

6,0 

10,< 

10.75 

80 

•Poik.+ 

4/16 

72f 

m 

550 

364 

39. ( 

80 

O.H 

7.1 

6.( 

10. 3( 

88 

•  Poik.  + 

4/23 

Hif 

905 

532 

368 

40.1 

90 

O.ff] 

7,4 

10.! 

10. 1( 

90 

•Poik.++ 

4/30 

778 

938 

535 

394 

42.^ 

83 

0.58 

7,2 

12,0 

9.90 

95 

•Poik.++ 

*  Poikilo«ytoaiH  of  red  cells. 

t  Animal  refused  to  eat  larger  quantities  of  food.  Represents  about  60  calories 
per  kilo  of  body  weight. 

Experimental  history,  see  table  4-b. 

drops  from  0.93  to  0.58  and  poikilocytosis  is  very  much  in  evidence. 
Under  such  conditions  one  feela  a  very  strong  probability  of  red  cell 
fragmentation. 

This  evidence  (tables  40  and  44)  confirms  our  belief  that  the  amouiU 
of  any  dia  may  be  a  considerable  factor  in  blood  regeneration.  Given 
a  diet  of  a  limited  nature  but  sufficient  to  permit  of  slight  gain  in  body 
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weight  and  we  may  expect  a  certain  amount  of  blood  regeneration,  at 
times  even  a  return  to  normal.  But  given  a  limited  diet  in  small 
amounts  not  sufficient  for  maintenance  of  body  weight,  we  may  con- 
fidently expect  a  very  slow  blood  regeneration  or  complete  absence  of 
active  regeneration.  Under  such  circumstances  the  body  may  even 
be  unable  to  make  up  its  blood  cell  maintenance  factor  and  the  pig- 
ment volume  curve  may  actually  fall.    This  is  a  favorable  time  for 

TABLE w 

Blood  regeneratioa— casein,  gugaT,   butUr  and  lard.     Dog  IS-SO.     Bull  monffrel, 

femaU,  younn  adult 


b 

- 

S 

i 

n 

I 

5 

i 

f 

m 

i 

2 

i 

a 

a 

1 

3 

w. 

«. 

«. 

ptrant 

VtrttM 

kgm. 

«. 

10/29 

1275 

930 

400 

530 

57 

137 

0.89 

7,7 

12,6 

8.40 

Ill 

10/29 

Diet:  Bread  and  milk 

10/30 

Bled  233  cc. 

10/31 

Bled  233  cc. 

11/2 

340  1    548J    400 

148 

27 

62  1  1.20  I    2,6  1   16,0 

7.50 

73 

11/2 

Diet:  75  grama  cai 

Kin,  2£ 

gramB  migar,  20  grams  butter,  20  grama  lard 

11/9 

428 

586 

375 

211 

36 

73 

1.30 

2,8 

19.6 

7.50 

73 

11/16 

786 

827 

463 

364 

44 

95 

0.99 

4,8 

6,0 

8,10 

102 

ll/i3 

725 

763 

412 

351 

46 

05 

0.93 

5,1 

12,0 

7.20 

106 

n;28 

908 

810 

389 

421 

62 

112 

0.81 

6,9 

12,2 

7.30 

111 

12/5 

1330 

985 

384 

601 

61 

135 

0.85 

7,9 

13,2 

7.40 

133 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
No  previous  anemia  experiments  on  tbis  dog. 

the  appearance  of  a  characteristic  dietary  deficiency  disease  which  is 
much  like  scurvy  in  human  beings  and  lb  rapidly  fatal  if  not  energeti- 
cally treated  with  antiscorbutic  measures. 

Casein  and  gliadin.  When  we  consider  a  bread  and  milk  diet  from 
the  standpoint  of  dietary  factors  we  are  obviously  dealing  with  many 
known  and  unknown  constituents.  Two  of  the  familiar  ingredients  in 
this  bread  and  milk  diet  are  casein  and  gliadin,  which  are  concerned 
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particularly  in  the  following  group  of  experiments  (tables  45  to  47  in- 
clusive). Casein  used  in  these  experiments  was  obtained  from  a  large 
daily  products  company  in  this  state.  It  appears  as  a  fine  dry  granu- 
lar powder,  pale  yellow  in  color,  and  is  of  reasonable  purity,  judging 
from  information  given  us  by  the  chemist  of  this  company. 

The  gliadin  was  extracted  from  wheat  flour  in  this  laboratory  by 
use  of  dilute  alcohol  (70  per  cent).  The  we^hed.  amount  of  gliadin 
was  thoroughly  mixed  with  the  sugar,  moistened  with  water  and  fed 
to  the  dog  by  spoon.  Total  ingestion  was  readily  accomplished  in 
this  way. 

Table  45  shows  the  inBuence  of  casein,  sugar,  lard  and  butter  on 
blood  regeneration.  The  diet  was  sufficient  to  maintain  body  weight 
and  the  blood  regeneration  was  complete  in  5  weeks.  We  must  not 
fOTget  that  this  d<^  had  not  been  used  for  anemia  experiments  pre- 
vious to  this  time  and  such  dogs  occasionally  show  remarkable  regener- 
ative capacity  on  limited  diets.  The  next  experiment,  however,  is 
conclusive  and  shows  the  effect  of  casein  under  more  carefully  controlled 
and  less  favorable  conditions. 

The  second  casein  experiment  {table  46)  is  preceded  by  a  2  weeks' 
sugar  diet  period  during  which  the  expected  reaction  is  noted.  There 
is  the  usual  gain  in  red  cell  hematocrit,  hemoglobin  and  pigment  volume. 
If  the  sugar  diet  had  been  continued  we  are  reasonably  certain  that  the 
pigment  volume  would  have  remained  stationary  or  even  have  fallen. 
Casein  added  to  the  diet  shows  a  distinct  gain  which  is  held  during  the 
subsequent  weel«  when  we  see  slight  fluctuations  in  pigment  volume 
but  relatively  little  change.  There  is  a  slight  gain  in  weight  as  the 
calories  in  the  diet  are  increased  by  the  use  of  fats.  The  %ure8  given 
for  the  urinary  nitrogen  show  the  normal  level  for  the  sugar  periods  and 
during  the  sugar  and  casein  intervals  indicate  the  amount  of  nitrogenous 
metabolism. 

Table  47  is  to  be  compared  with  a  preceding  experiment  (table  21, 
paper  II).  In  both  experiments  a  ghadin  si^ar  diet  is  used  over  a 
period  of  several  weeks.  This  experiment  shows  less  conclusive  evi- 
dence of  the  influence  of  gliadin  upon  blood  regeneration.  We  may 
conclude  that  the  gliadin  in  this  experiment  (table  47)  was  without 
influence  on  the  curve  of  blood  regeneratitra.  We  are  inclined  to  the 
opinion,  however,  that  sugar  alone  over  this  period  in  this  experiment 
would  have  been  associated  with  a  definite  loss  in  pigment  volume  by 
the  end  of  the  6-week  period.  This  experiment  shows  a  transient 
increase  in  pigment  volume  which  is  lost  during  the  last  2  weeks. 
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TABLE  M 

Blood  Ttgencration — casein,  axigar,  lard  and  6u((er.    Dog  16-118.    Coach  mongrd, 
male,  young  adult 


s 

1 

2 
f 

i 

i 

S 

1 

i 

i 

j 

1 

1 

i-. 

5 

Si 

RBHIIK* 

htm 

«. 

(jronu 

10/17 

1817 

1367 

588 

779 

57 

m 

0.74 

8,9 

11,0 

9.70 

141 

10/17 

Diet:  Bread  and  milk 

10/19 

Bled  342  cc. 

10/21 

Bled  342  cc. 

10/22 

576|    823|  676|  247  30  |    7o|o,95[  3,7|   ll,2[9.5o|    87J          | 

10/22 

Diet:  75  grama  cane  su 

ar,  25  grams  glucose,  300  cc.  water 

10/29 

7C                                 1 

r9|o,79 

5,0 

10,68, 60|  104 

1.81 

11/5 

7«                                 1 

S0|0.67 

6,0 

6,07. 90J  121 

1.61 

11/5 

Diet:  100  grama  suRar, 

50  grama  casein,  300  cc.  water 

11/12 

856 

96l|  567|  394|  41 

89 

0.73    6,1      3,8 

7,80 

123  4.70 

11/19 

1038 

108l|  616|  465[  43 

96 

0,67    7,2      5,2 

7.70 

140  6.60 

Vomiting 

11/21 

Diet:  100  grama  sugar,  100  graiiM  casein.  300  cc.  water 

11/26 

878     944 

538 

406|  43  1    930.69 

6,7      5,07, 80l  121 

9.3R 

12/3 

824     970 

582 

388|  40  [    850.75 

5,7      6,28, 00[  121 

11.60 

12/3 

Diet:  100  grams  sugar,   100  grama  caaein,   10   grams   Ian 
butter 

i,  10  grams 

12/10 

876 

974  604|  370 

38       9OJ0.57    7,9 
37       92|0.69    6,7 

9,SS.30l  117 

12/19 

876 

952|  600|  352 

14,0  8. 70[  108 

12/20 

Diet:  100  grams  sugar,  125  grama  caaeiu,   10   grams  lar 
butter 

d,  10  grams 

12/26 

40 

96 

9.61 

7,8 

9.0 

8.90 

l.'2/18 

38 

93 

1,55 

•8.4 

7,8 

1.10 

1/9 

:i5 

92 

1.62 

7,4 

8,(1 

1  30 

1/17 

38 

85). 50 

8,5 

6,8 

0,10 

1/23 

975 

975 

614   361 

37 

1000.58 

8,7 

6.2 

8.90 

109 

Blood  TOlume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 
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TABLE  M-B 

Esperimtntttl  history.    Dog  16-1B8 


"- 

WKODT 

""""" 

'x^ 

Blood  per 
Idlocnun 

kev,. 

Begin  9/28/16 
Bled  600  cc 
End  11/20/16 

Meat 

8.1 
7.7 
9.5 

(4  bleedings) 

Complete  regen- 
eration of  Hb. 
and  R.B.C. 

Begin  2/12/17 
Bled  726  M. 

End  4/11/17 

Beef  heart 

1523 
385 
1476 

147 

85 
152 

9.9 
9.8 

8.8 

Table  56 

Begin  5/7/17 
Bled  660  cc. 

End  6/18/17 

Sugw,  gliftdin 
Metabolism 

1505 

458 
456 

146 
84 
113 

9.0 
8.4 

6.3 

Table  47 

R.B.C.  fragment- 
ed,         ehodow 
forms 

Begin  10/17/17 
Bled  684  cc. 

End  12/3/17 

Sugar 

Sugar  and  casein 

Metabolism 

1818 
576 
825 

141 

87 
121 

9.7 
9.5 
8.0 

Table  46 

Begin  5/3/18 
Bled  698  cc. 
End  6/18/18 

Sugar,  glycocoll 
Metabolism 

1800 
528 

852 

119 
,  76 
99 

11.7 
10.9 
8.05 

erationSweeks, 
then  drop 

Begin  8/28/18 
Bled  929  cc. 
End  9/30/18 

Sugar  and  gela- 
tin    . 

974 
■548 

508 

S2 
88 
90 

10.3 
9.15 
7.45 

(5  bleedings) 
Maximum  regen- 
eration 2  weeks 

Begin  2/20/19 
Bled  934  cc. 

End  3/18/19 

Sugar  and  liver 
residue 

1862 

478 
738 

111 
70 

82 

12.35 
11.10 
9.15 

Table  67 

Begin  8/18/19 
Bled  851  cc. 
End  10/24/10 

Beet  tops 
Spinach 

1468 

560 
785 

93 
77 
86 

12.65 
13.10 
10.60 

(3  bleedings) 

i?wm 
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These  experimeats  are  not  conclusive  but  give  evidence  that  mod- 
erate amounts  of  gliadin  with  sugar  alone  do  not  modify  profoundly 
the  blood  regeneration  curve.  That  gliadin  in  combination  with  other 
factors  may  have  a  more  favorable  influence  on  red  cell  production 
may  be  granted.  Alao  under  the  conditions  of  the  experiment  it  ap- 
pears that  casein  has  a  more  favorable  influence  on  blood  regeneration 
than  gliadin  when  given  with  sugar  only. 

TABLE  «7 

Blood  regeneration — ttigar  and  gliadin.    Dog  IB-tSS.    Coach  Tttongrel,  matt,  young 
adult 


,',a 

2 

i 

in 
in 

! 

I 

1 

1 

s 

1 

« 

a 

« 

„^ 

ki 

s 

I 

j 

2 

s 

i 

j 

k 

^ 

i 

„. 

„. 

«. 

p" 

per 

kern. 

«. 

5/7 

1505 

1320 

581 

740 

56 

114 

0.57 

10.1 

6.6 

9.00 

146 

5/8 

Bled  330  c 

c. 

5/9 

Bied  330  c 

5/11 

458[    705 

480 

2« 

32 

65  I  0,64 

5,1 

10,8[  8.40 

8.1 

5/11 

Diet:  50  f 

rams 

cane 

BURar 

25  grams 

dextrose,  25  grams  gliadin 

300  cc. 

water 

5/14 

434 

804 

547 

257 

32 

54 

0.R8 

4,0 

9,0 

R.20 

OK 

5/21 

135 

791 

538 

253 

32 

55 

0.51 

i.7 

8,f 

7M 

101 

■ 

5/28 

59( 

961 

519 

346 

36 

62 

0.5( 

5.5 

9.6 

7.4C 

129 

6/4 

6W 

86; 

552 

311 

36 

70 

0.61 

5.; 

8.^ 

6.9C 

122 

6/11 

m 

76f 

5:« 

237 

31 

73 

0-61 

6,1 

9.2 

6.61 

111 

• 

6/18 

456 

7o;i 

477 

225 

32 

65 

0.53 

6.1 

11.^ 

6.20 

113 

" 

*  Fragmentation  of  red  blood  cells. 

Blood  volume  nith  dry  oxalate.    Hemoglobin  by  Sabli  tubes. 

Experimental  history,  aee  table  46-b. 


SUMUART 


A  diet  of  dried  white  bread  and  skim  milk  may  cause  a  slow,  steady 
gain  in  blood  pigment  volume  from  week  to  week.  A  liberal  diet  of 
this  t>-pe  sufficient  to  maintain  or  increase  body  weight  will  often  suf* 
fice  for  complete  blood  regeneration.    A  restricted  diet  of  bread  and 
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milk  barely  suf&cient  for  body  maintenance  will  rarely  permit  of  com- 
plete blood  Itineration  following  simple  secondary  anemia. 

Repeat  experiments  done  after  short  intervals  of  rest  to  permit  com- 
plete return  to  normal  condition  will  sbow  identical  reactions  on  the 
part  of  the  hemoglobin,  red  cells  and  p^ment  volume.  The  animal 
shows  no  increased  abiUty  to  produce  hemoglobin  and  red  cells  after 
repeated  experiments  nor  is  there  any  evidence  for  a  failure  of  red  cell 
production  under  these  conditions. 

Bile  fistula  dogs  presenting  complete  exclusion  of  bile  pigments  from 
the  intestine  show  a  reaction  which  is  practically  identical  with  that  of 
nonn^  dc^. 

CrackeTTneal  (a  mixture  of  wheat  Sour,  barley  fiour  and  rice  flour) 
with  milk  or  lard  and  butter,  gives  a  blood  pigment  reaction  following 
anemia  which  is  similar  to  the  familiar  bread  and  milk  reaction, 

A  dietary  deficiency  disease  may  develop  in  these  dogs  kept  on  limited 
diets  for  many  weeks.  This  condition  clinically  resembles  sciu-vy  in 
human  beings  and  may  be  prevented  or  cured  by  antiscorbutic  measures. 
This  question  will  be  reviewed  in  a  subsequent  publication. 

SpUnedomy  may  not  modify  the  expected  reaction  of  red  blood  cells 
following  anemia.  In  certun  splenectomy  experiments  there  develops 
a  peculiar  condition  associated  with  spontaneous  destruction  or  disin- 
tegration of  circulating  red  cells.  This  may  appear  following  a  limited 
diet  of  several  weeks  and  runs  a  very  rapid  course  resulting  in  death 
within  a  few  days. 

Rice,  potatoes  and  skim  milk  make  up  a  diet  which  may  be  classed 
with  bread  and  milk  as  regards  its  influence  upon  red  blood  cell  r^enera- 
tion  following  the  unit  hemorrhages.  If  anything,  this  diet  is  slightly 
more  efficient  than  bread  and  milk  in  promoting  blood  regeneration. 

Casein  and  gliadin  by  themselves  are  not  efficient  factors  in  pro- 
moting red  cell  regeneration  but  casein  appears  to  be  the  more  efficient 
in  the  amounts  used  and  under  the  conditions  of  these  experiments. 

Any  one  of  these  diet  mixtures  in  proper  amounts  may  be  used  to 
maintain  the  pigment  volume  at  a  constant  level  following  the  initial 
2  weeks'  blood  reaction.  Under  such  conditions  any  added  food  factor 
may  be  measured  with  some  accuracy  as  to  its  power  of  aiding  in  blood 
regeneration. 

BIBLIOGRAPHY 
(1)  HooPKB  AND  Whipplk:  Thia  Journst,  1917,  xliii,  275. 
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IV.  Influencb  of  Meat,  Liveb  and  Vabious  Extractives,  Alone 
,0H  Combined  with  Standahd  Diets 
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Cooked  meat  and  liver  stand  in  striking  contrast  to  the  milk,  bread, 
potato  mixtures  outlined  in  the  preceding  paper  of  this  series.  Cooked 
liver,  lean  beef  or  beef  heart  alone  or  in  combination  are  very  efficient 
in  bringing  about  a  rapid  blood  regeneration  followii^  the  standard 
tjrpe  of  secondary  anemia.  These  substances  are  very  similar  but  for 
the  present  we  may  say  their  efficiency  is  in  the  order  given;  that  is, 
cooked  Uver  is  most  effective  in  anemia  provided  a  sufficient  amount 
(caloric  value)  is  eaten,  and  cooked  beef  heart  is  least  effective;  but 
the  differences  are  not  great  and  this  order  may  be  changed  with  the 
accumulation  of  more  data. 

These  three  substances  are  efficient  in  stimulating  blood  regener- 
ation whether  given  alone  or  in  combination,  or  tt^ether  with  carbohy- 
drate or  mixed  diets.  They  all  stand  the  severe  test  of  promoting  defi- 
nite blood  regeneration  when  administered  after  long  limited  diet 
periods  unfavorable  to  blood  regeneration. 

Meat  extract  (commercial)  has  no  value  in  the  blood  regeneration 
complex.  But  a  watery  liver  extract  seems  to  exert  a  distinct  in- 
fluence on  the  blood  regeneration.  Liver  residue  (after  the  watery 
and  alcoholic  extraction)  alone  exerts  a  definite  influence  on  blood  re- 
generation. We  do  not  nish  to  go  into  a  discussion  of  this  question  of 
tissue  extracts  until  we  present  much  more  experimental  data  dealing 
with  this  and  other  material  of  similar  nature. 

experiuental  observations 

In  general  the  experimental  techniqe  has  been  detailed  In  the  first 
paper  of  this  series.  All  meat  and  liver  were  cooked  thoroughly  in 
boiling  water  before  feeding,  with  the  exception  of  "meat  scraps." 
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The  meat  scraps  were  obtained  from  the  University  Hospital  and  in- 
cluded meats  of  various  kinds  cooked  in  different  ways.  A  certain 
amount  of  fat  was  of  necessity  included  in  this  meat  diet.  Unless 
otherwise  noted  these  dieta  were  completely  ii^ested.  With  an 
occasional  exception  noted  in  the  tables  the  dogs  were  in  uniformly 
excellent  condition. 


Blood  rtgeneration— cooked 

meat  scraps . 

Dog  17-S8. 

Bull  mongrel,  SemaU 

adult 

;i. 

. 

1 

\ 

t 

I 

i 

\ 

9 

■ 

i 

! 

Ui 

i 

\ 

a 

ji 

2 

ri 

A 

1 

1 

£ 

■ 

8 

■ 

► 

► 

<T. 

tt. 

ct. 

peramt 

l»rM.U 

him. 

«. 

2/12 

1322 

1268 

670 

591 

46.6 

104 

0.71 

7,3 

7,4 

10.90 

115 

2(12 

Diet:  Bread  and  milk 

2/13 

Bled  317  cc. 

2/14 

Bled  317  cc. 

2/16 

550  1  1000  1    714  1    281 

28,1 

55 

0.75 

3.7 

6,2  1  10.35|      ff7 

2/16 

Diet:  500  grams  cooked  r 

neat  bc 

raps 

2/24 

948 

1168 

713 

436 

37.2 

80 

0.69 

6,8 

10,8 

11.05 

106 

3/1 

104fi 

1236 

742 

4g5 

39.2 

85 

0,66 

6.4 

5.8 

n.5( 

107 

3/8 

1437 

1332 

682 

636 

47.8 

108 

0,68 

7,9 

9,8 

12.  U 

110 

3/15 

1332 

1378 

734 

626 

45.4 

97 

0.62 

7.8 

7,4 

12.85 

107 

3/22 

1475 

1420 

704 

704 

49.5 

104 

0.62 

S,4 

8,2 

13.20 

lOS 

Experimental  history,  see  table  20-b. 

The  first  two  tables  show  the  characteristic  reaction  to  a  diet  of  meat 
scraps.  There  is  a  prompt  and  rapid  regenoratioD  of  hemoglobin  and 
red  cells  which  brings  the  hematocrit  and  pigment  volume  back  to 
practically  normal  in  3  weeks.  This  level  is  sustained  for  the  subse- 
quent 2  weeks.  The  first  experiment  (table  48)  shows  a  rather  low 
initial  level  (104  per  cent  hemc^lobin)  but  a  very  prompt  reaction 
following  the  anemia.  The  hemoglobin,  red  cell  hematocrit  and  pig- 
ment volume  return  to  a  level  slightly  above  the  original  normal  level. 
There  was  a  marked  gain  in  weight. 
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The  second  experiment  (table  49)  required  a  third  bleeding  to  re- 
duce the  red  cells  to  the  usual  anemia  level.  The  regeneration  of  the 
red  cells  is  practically  complete  in  3  weeks,  although  the  previous  high 
level  of  hemoglobin  and  red  cell  hematocrit  is  not  reached.  This 
level  is  uniform  during  the  next  2  weeks.  In  both  experiments  the 
plasma  volume  ia  relatively  constant  during  the  entire  period  of 
observation. 


Bkcd, 

meat  »crap». 

Dog  18-ni. 

,  oduU 

iN 

: 

s 

i 

. 

1 

i 

■r 
5 

pi 

i 

t 

t 

i 

i 

i 

m 
■ 

•• 

1 

[ 

«. 

«. 

M. 

I»r  <*>•< 

ptunt 

*^ 

». 

2/12 

1996 

1705 

766 

931 

54.6 

117 

0.70 

8.4 

10,8 

15.50 

110 

2/12 

Diet:  Bread  and  milk 

2/13 

Bled  425  cc. 

2/14 

Bled  435  cc 

2/16 

S22  1  1232  1    818 

403 

32.7  1      67  1  0.08 

3,6 

7,8  1  14.30|      86 

2/16 

Bled  275  cc. 

2/18 

Diet:  600  grams  cc 

rolled  B 

ae&t  scraps 

2/24 

113.1 

14IW 

950 

504 

34.0 

77 

0.80 

4,8 

10,2 

14.25 

104 

3/1 

1434 

152.? 

857 

640 

42.0 

04 

0.73 

6,4 

0,0 

14.35 

106 

3/S 

15flO 

1540 

798 

726 

47.2 

103 

0.68 

7,6 

8.2 

15.15 

102 

3/15 

IftTS 

I«7R 

S74 

706 

47.4 

100 

0.63 

7,9 

7.8 

15. 5C 

108 

3/22 

1787 

1728 

838 

864 

50.0 

103 

0.63 

8.2 

9.4 

15.50 

111 

Experimental  history,  see  table  i2-b. 

T^le  50  presents  a  reaction  very  much  like  that  noted  in  the  two 
preceding  experiments.  Fresh  lean  beef  in  adequate  amounts  was  fed. 
It  was  cooked  in  boiling  water.  This  meat  contained  very  little  fat 
and  was  purchased  under  the  trade  name  of  "chuck."  The  dog  shows 
a  very  high  level  before  bleeding  and  three  bleedings  did  not  reduce  the 
level  to  the  usual  anemia  level.  This  d(^  had  not  been  used  previoiisly 
in  anemia  experiments.    The  blood  regeneration  was  rapid  in  the  first 
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2  weeks,  but  there  was  little  gain  in  the  third  week  except  in  the  red 
count,  which  shows  a  remarkable  jump.  This  gives  a  corresponding 
fall  in  the  color  index.  A  change  to  a  mixed  diet  shows  but  little  change 
until  the  third  week  of  mixed  diet  when  the  original  high  level  was 
attained. 

TABLE » 


Blood  Tegeneraiioa-leaa  beef.    Dog  18-ii.    BM  tmmgrd. 

male,  young  adJili 

„ 

!! 

. 

1 

- 

Sit 

^ 

i 

t 

3 

5 

9 

U 

I 

a 

(i 

§ 

m 

^ 

1 

1 

!l 

■ 

•i 

" 

» 

» 

«. 

«- 

«. 

I»r«nl 

«ii< 

*flm. 

«. 

11 /U 

1560 

1300 

480 

814 

62.6 

120 

0.87 

8.4 

12,0 

13.20 

99 

11/12 

Diet:  Criickernieal  and  milk 

11/15 

Bled  325  cc.    Slight  distress 

11/16 

Bled  195  cc. 

11/18 

682  1    915  1    612|  298  |  32.6 

64  I 

1           1  12,70|    72 

11/18 

Bled  150  cc. 

Diet;  507  grams  cooked  lean 

>eer 

11/20 

11/20 

11/27 

»3S 

995 

590 

399 

40  1 

94 

0.80 

5.9 

15.8 

12.70 

78 

12/4 

1093 

1062 

585 

473 

44.5 

103 

0.61 

8.4 

14.9 

13.15 

81 

12/11 

1090 

1033 

582 

466 

45.1 

106 

0.48 

11,9 

15.0 

13.40 

77 

12/13 

Diet  I  Mixed  diet 

12/20 

ia^5 

1115 

594 

511 

45.8 

95 

0.47 

10,1 

25.8 

13.50 

83 

12/27 

1010 

lOfiO 

544 

515 

48,6 

95 

13.20 

80 

1/10/19 

U25 

1230 

550 

674 

54.8 

116 

0.58 

10. 1 

7,8 

13.20 

93 

No  previous  anemia  experiments  on  this  dog. 

Table  51  illustrates  a  reaction  which  is  in  no  sense  typical,  but  com- 
plicated by  abnormal  factors.  It  is  submitted  with  reservations.  This 
dog  has  been  used  in  a  variety  of  blood  regeneration  experiments  (table 
6-b),  therefore  the  type  of  reaction  is  well  established.  But  within  a 
few  weeks  following  the  present  experiment  the  dog  died  with  bilateral 
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TABLE  SI 

Blood  regeneration— lean  beef  and  gelatin— lean  beef  and  brain.    Dog  17~18.    Bull 


mongrel,  female,  young  adult 

i 

s 

i 

i 
I 

I 

\ 

1 

•i 

I 

& 

1 

t 

i 

s 

1 

«, 

„, 

«. 

^, 

prr 

(».. 

«. 

12/2 

2118 

1650 

740 

903 

54.7 

128 

0.58 

11.0 

9.8 

15.70 

105 

12/2 

Dietr  Crackermetil  nnd  milk 

12/3 

Bled  413  cc. 

12/4 

Bled  413  cc. 

12/6 

100(^12561  850  1  394  1  31. 3|    79 

|15.30|    82] 

12/7 

Bled  314  cc. 

12/9 

708|l240{  926  1  300  1  24. 2|     57 

0.79 

.,.» 

15,6|l5.05|    82  1 

1219 

Diet:  681  grams  cooked  lean  beef,  20 

granoB  cooked  gelatin— 100  clones 

per  kilo 

12/16 

916 

1063 

636 

m 

... 

86 

0.84 

5,1 

26,213,35 

80 

See  toot- 
note 

12/17 

Diet:  100  grama  cooked  braia,  580  grama  lean  beef— 100  caloriea  per  kilo 

12/23 

« 

1047 

607 

412  1  39.4 

91 

0.53 

8,5 

19,0 

12.90 

81 

See  toot- 
not* 

12/23 

Diet:  Mixed  diet 

12/30 

RS3 

1100 

722 

366 

33,3 

80 

13.3.^ 

82 

I/S/1! 

1162 

126; 

720 

531 

42.0 

92 

0,6S 

0,7 

10,2 

13.50 

M 

•Poik.++ 

1/15 

la-K 

I29C 

750 

530 

41.0 

82 

0.64 

6,4 

10,0 

14.0.^ 

92 

• 

1/22 

1380 

1450 

792 

635 

43.8 

95 

0.64 

7,4 

17,4 

14.65 

99 

*  Poikilocytosis  ot  red  blood  cells. 

December  16,  1918:  Food  not  touched.  Seems  sick.  Drank  considerable  water 
this  a.m.  and  immediately  afterward  vomited  it.  Temperature,  38.4°C.  Abdo- 
men Beems  distended.    Gave  150  grams  meat  and  SO  grams  crackermeal. 

December  S3,  1918:  Left  300  grama  food.  Very  thirsty,  vomits  water  within  5 
minutes  after  drinkiog.  Temperature,  38.8°C.  Inactive,  slight  dragging  ot 
right  hind  leg.    Put  in  metaboliem  cage;  400  cc.  water;  mixed  diet. 

December  16,  1918:  Animal  recovered.     Is  still  thiraty. 

Subsequent  death.    Stone  in  kidney. 

Experimental  history,  see  table  6-b;  see  autopsy,  table  14. 
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renal  calculi.  It  is  therefore  certain  that  this  dog  was  suffering  from 
renal  disease  during  this  experiment  (table  51).  We  note  in  this  ex- 
periment that  the  dog  lost  weight  rapidly  on  the  diet  of  beef  and  gela- 
tin which  was  not  eaten  with  relish.    Finally  the  diet  was  chained  as 

TABLE  SI 

Blood  Ttgtiteratiort — beef  heart  and  liver.    Dog  18-llS.    Bull  mortgrel,  female, 
young  adiUt 


1 

J, 

£ 

■I 
5 

1 

1 

\ 

3 

'& 

5 

i 

<• 

a 
It 

3 

«. 

«. 

«. 

ptrunl 

PtTCfU 

htm. 

«. 

12/2/18 

2120 

1720 

805 

907 

52,7 

123 

0,56 

11,4 

14.1 

14.90 

115 

12/2 

Diet:  CriLckermeal  and  milk 

12/3 

Bled  430  cc. 

12/4 

Bled  430  cc. 

12/6 

939  1  1183  1  803  1    369  {  31.2 

79  1  0.57 

6,9  I  21,2  [  14-55|      81 

12  n 

Bled  300  cc. 

12/9 

776  1  1260  1  930  1     323  |  25.6 

62  1  0.84 

3,7  1  17,5  1  13.95|      90 

12/9 

Diet:  256  grams  cooked  beef  h 
calories  per  kilo 

art,"  610  grw 

me  cooked  beef  liver*— 100 

12/16 

1082  I  1330 

844 

476 

35.8 

81 

088 

4,6 

18.2 

14.55 

91 

12/23 

1800 

1685 

860 

818 

48.5 

112 

0.57 

9,9 

11.5 

15.25 

110 

12/30 

2270 

1648 

747 

902 

54.7 

138 

15.50 

106 

12/30 

Diet:  Mixed  diet 

1/8/19 

2040 

1715 

785 

912 

63.2 

119 

072 

8.3 

7,0     15.50 

110 

1/16 

1760 

1610 

762 

842 

52.2 

109 

068 

8,0 

12,0      16. 2C 

99 

1/22 

2120 

1740 

773 

948 

54.4 

122 

0.71 

8,6 

10,6     15.65 

111 

*  Meat  cooked,  fat  and  connective  tissue  removed,  and  ground. 
Experimental  history,  see  table  13-b. 

the  beef  and  gelatin  mixture  was  refused.  The  beef  and  brain  mixture 
was  also  eaten  poorly,  and  more  weight  was  lost.  We  are  fortunate 
in  being  able  to  refer  to  a  fasting  experiment  on  this  same  dog  (table  14) 
which  shows  practically  an  identical  gain  during  two  weeks  as  recorded 
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1  only 


in  table  51.  The  distaste  for  the  food  mixture  which  was  e 
in  part  we  believe  is  largely  responsible  for  this  lack  of  blood  r 
atioo.  We  see  that  the  renal  disease  does  not  modify  the  expected 
blood  reaction  during  a  fasting  period  (table  14)  and  we  have  no  right 
to  assume  that  it  might  seriously  modify  the  reaction  in  table  51. 

TABLE  M 

Blood  regeneration— heeS  heart.    Dog  19~S.    Bull  mongrel,  malt,  young  adull 


2 
S 
i. 

s 

5 

ij 

1 

f 

i 

B 

& 

1 

I 

■ 

i> 

1 

i 
I 

«. 

«. 

«, 

pH-ont 

prrani 

t«iii. 

«. 

11/14 

£082 

1543 

590 

946 

61.3 

135 

0  77 

8,8 

11,0 

14.00 

110 

n/14 

Diet:  Crackermeal  and  milk 

11/15 

Bled  386  CO. 

11/16 

Bled  386  cc.     No  distress 

U/18 

800  1  1020  1  660  1  365  1  35.8  1      78  [           |           |           |  13.00 

7, 

11/18 

Bled  200  cc. 

11/20 

697  1 

11/20 

Diet;  431  grams  cooked  beef  heart'— 100  calories  per  kilo 

11/27 

1325 

1250 

670 

574 

45.9 

lOfi 

0.79 

6,7 

6,0 

12.55 

100 

12/4 

1480 

1170 

568 

601 

51.1 

126 

0.64 

9.8 

6,7 

12.75 

92 

12/11 

■«2 

132S 

637 

681 

51-4 

124 

0-62 

10,5 

10,2 

12.25 

108 

12/13 

Diet:  Mixed  diet 

12/20 

1376 

1188 

588 

588 

49.5 

116 

0.58 

10,0 

11,4 

12.50 

95 

12/27 

1287 

1226 

642 

579 

47.2 

105 

13.16 

93 

1/10/19 

1940 

1462 

607 

840 

57.5 

133 

0,81 

8,2 

7,0 

13.20 

no 

*  Beef  heart  cooked,  fat  and  coDitective  tissue  removed,  and  ground. 
No  pravioue  anemia  experiments  on  this  dog. 

Table  52  illustrates  an  optimum  reaction  on  a  diet  of  beef  heart  and 
beef  liver.  Both  these  substances  favor  a  rapid  blood  regeneration 
especially  when  a  sufficient  amount  is  eaten.  This  dog  ate  the  mixture 
with  relish  and  gained  over  1  kilo  during  3  weeks.    There  is  a  truly 
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remarkable  gain  in  red  cells,  hemoglobin  and  pigment  volume.  Dur- 
ing, S  weeks  the  r^eneration  is  complete  and  the  anemia  level  (3  bleed- 
ings) if  anything  was  below  the  average  level.  Many  other  anemia 
experiments  have  been  completed  on  this  dog  (table  13-b)  and  the  type 

TABo:u 

Blood  rtgeneralion — beef  heart.     Dog  19-84,     Bull  mongrel  pup,  female 


2 

\h 

? 

!| 

. 

J, 
S 

B 

ill 

f 

\ 

t 

i 

^ 

I 

■  EUARM 

t 

- 

K 

- 

a 

» 

«. 

«. 

«. 

f^t 

ptr 

kern. 

«. 

12/2 

992 

780 

352 

424 

54.4 

127 

0,53 

12,0 

10,6 

6.95 

112 

R.  B.  C.  smalt 

12/2 

Diet:  CrBckenneal  and  milk 

12/3 

Bled  195  cc.    No  distress 

12/4 

Bled  125  cc.    No  distress 

12/6 

448{49l|305{  183  }  37.3|      91 

0.68 

6,7 

24,0|  6.10J    80 

12/7 

Bled  123  cc. 

12/9 

428|m2|360|  177  |  32.6]    79 

1.20 

3,3 

17,l|  5.85|    93 

12/9 

Diet:  228  grams  beef  heart* 

-100 

calori 

ea  per  kilo 

12/16 

fi3R 

m 

332 

274 

45.0 

105 

0.86 

6,1 

10,1 

5.80 

105 

12/23 

7W 

m 

32» 

345 

MX 

118 

0,5E 

10,t 

!5,2 

5.9( 

115 

R.  B.  C.  small 

12/30 

968 

m 

323 

387 

54,5 

!36 

5.90 

120 

12/30 

Diet:  Miied  diet 

1/8/19 

S55 

7.W 

3(W 

380 

50-5 

114 

0.71 

8,0 

23,8 

6.95 

107 

1/15 

712 

Sit 

405 

409 

50. ( 

87 

U  61 

7.1 

10,8 

7.8( 

105 

1/22 

102( 

93: 

476 

456 

48.7 

10!) 

0-55 

10,5 

14,2 

7.5( 

125 

1/30 

987 

888 

429 

455 

51.2 

Ill 

0-75 

7,4 

11,2 

7.50 

118 

*  Beef  heart  cooked,  fat  and  connective  tissue  removed,  ground. 
No  previous  anemia  experiments  on  this  dog. 

reaction  is  therefore  established.     It  may  be  stated  even  that  the 
regeneration  was  almost  complete  within  2  weeks. 

With  the  change  to  mixed  diet  we  note  a  reaction  which  is  not  un- 
common when  a  sudden  change  is  made  from  a  fixed  diet  to  another 
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very  different  diet.  Under  such  conditions  even  when  the  second  diet 
ia  most  favorable  we  may  record  a  slight  fall  in  red  cell  hematocrit, 
hemoglobin  and  pigment  volume.  This  experiment,  too,  shows  a  fall 
ID  the  red  count.  We  have  no  good  explanation  to  offer,  but  this  fact 
is  to  be  considered  in  the  proper  interpretation  of  various  tables. 


Dog  16-IS7.     Ball  mongrel,  mo/e,  age  10  months 

•A 

I   % 

I 

! 

I 
t 

\ 

m 

S 

5 

1 

d 

1 

s 
i 

.„.„ 

12/14/16 

"■ 

-■ 

-■ 

ant 

116 

7,9 

fi,4 

8.10 

"■ 

12/14 

Diet:  Sugar  (3  weeks) 

1/5/17 

546|    976|  625  1  351  1    36  |    56  |  0.55|  5.1  |     7,2|  6.10|  160  | 

1/5 

Diet:  400  urams  beef  heart.  100  grams  augar 

1/11 

1          1         1         j    43  1    76  1  0.58J  6.6  |   U,8|  6.eol         | 

1/13      Diet:  Lean  meat 


2/16 
2/23 


408 

908 

563 

?;<> 

S3t 

47S 

Kif 

mf 

529 

im. 

1202 

5.W 

ia'>2 

1052 

526 

1208 

12M 

549 

0.44 

5.1 

6,4 

7.60 

0.5( 

7.5 

8,2 

8.0(1 

0.5i 

7.3 

7,( 

8.20 

o.,-;.' 

8.8 

9,f 

9.2( 

0,5f 

8,6 

13.< 

9,2( 

056 

8.9 

9.8 

9.20 

■  Anisocytoaig  and  poikilocytosis  of  ted  blood  cetla. 

Blood  volume  with  dry  oxalate.     Hemoglobin  by  Sahli  tubes. 

Cooked  beef  heart  is  a  food  commonly  used  in  experimental  labors^ 
tories.  It  is  usually  assumed  that  heart  muscle  as  a  food  is  very  like 
skeletal  muscle,  although  there  may  be  certain  differences  as  pointed 
out  by  Mendel  and  Osborne  (1).  We  have  found  that  it  compares 
favorably  with  skeletal  muscle  as  far  as  concerns  the  r^eneration  of 
red  ceils  and  hemoglobin.  Whether  beef  heart  is  actually  identical 
with  lean  beef  in  its  effect  on  blood  regeneration  cannot  be  stated  posi- 
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tively  as  we  cannot  at  this  time  submit  a  sufficiently  complete  series 
of  controlled  experiments. 

Tables  53  and  54  are  identical  in  all  essential  factors.  Both  d<%s 
were  xised  for  the  first  time  and  we  must  consider  the  uDUSual"  reserve" 
which  at  times  may  be  demonstrated  by  such  dogs.  The  cooked  beef 
heart  was  eagerly  eaten,  and  the  weight  was  practically  stationary, 
although  the  first  d<^  lost  a  little  during  the  third  week.  Blood  re- 
generation was  practically  complete  in  3  weeks  as  regards  red   cells, 

TABLE  SS-B 

Experimental  kintory.    Dog  16-157 


.,„ 

™."«'^".OH 

^=' 

BIwd  per 
kildgruQ 

kem. 

Begin  9/26/16 
Bled  600  cc. 
End  10/11/16 

Fasting 

7,90 
680 
5.40 

(4  bleedings) 

Slight  regenera- 
tion <if  lib.  and 
R.  B.  C. 

Begin  12/14/16 
Bled  600  cc. 
End  3/2/17 

Sugar,  metabol- 

Sugar,  beef  heart 
Beef  heart 

1208 

132 

8,10 
7,30 
9,20 

(4  bleedings) 

Begin  5/7/17 
Blcd64Scc. 

End  6/11/17 

Gelatin,  sugar 
Metabolism 

1570 
429 

792 

130 

74 
126 

10,00 
B,20 
6,30 

6/14 

Killed- bled 
from  carotid 

hemoglobin  and  pigment  volume.  Both  dogs  showed  a  distinct  drop 
when  changed  to  a  mixed  diet, — a  change  recorded  in  red  cell  hemato- 
crit, hemoglobin  and  red  count.  There  was  no  change  in  plasma  vol- 
ume to  explain  this  fluctuation  and  for  the  present  we  must  be  content 
with  recording  this  fact  without  advancing  any  convincing  explana- 
tion (refer  to  exper.  52).  A  similar  fall  is  noted  in  table  66  even  when 
the  change  is  from  a  poor  diet  (bread  and  milk)  to  a  more  favorable 
diet  (beef  heart). 
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Table  55  illustrates  the  reaction  on  beef  heart  diet  following  a  3- 
week  period  of  sugar  feeding.  After  the  meat  diet  is  established  we 
note  a  slow  but  steady  gain  back  to  normal  in  4  to  5  weeks.  We  wish 
to  emphasise  the  fact  that  a  period  of  fasting  or  sugar  feeding  makes 
subsequent  blood  regeneration  much  more  difficult  and  this  is  a  severe 
test  for  any  food  substance.    Only  meat  (including  beef  heart)  and 

TABLE  H 

Blood  regeneration — beef  heart.    Dog  16-168.    Coach  mongrel,  male,  young  adult 


1 

] 

S 

£ 

1 
f 

I 

i 

i 

1 

■ 

\ 

1 

\ 

«. 

«. 

«. 

JKT  tmt 

ftrant 

v. 

«. 

2/12 

1525 

1451 

566 

886 

61 

105 

0,63 

8,3 

7,0 

9.90 

147 

2/12 

Diet:  Bread 

aod  m 

ilk 

2/13 

Bled  363  CO. 

2/14 

Bled  363  re. 

2/15 

385  1    837 

560 

276 

33 

46  j  0.70 

3.3 

7,4  1  9.80 

85 

2/15 

Diet:  Beef  heart 

2/21 

500 

980 

647 

axi 

34 

51 

0.77 

3.3 

10,8 

9.70 

101 

2/28 

602 

885 

523 

363 

41 

68 

0.68 

5,0 

19.8 

9  SO 

90 

3/7 

840 

1077 

.WO 

517 

48 

78 

0.56 

6,9 

19,8 

9.80 

109 

3/14 

904 

1062 

531 

531 

50 

85 

0.57 

7,6 

14,0 

9.30 

114 

3/21 

1235 

1272 

585 

687 

54 

»3 

0.60 

7,8 

10.0 

9.50 

134 

3/28 

1146 

1180 

543 

638 

54 

97 

0.58 

8.3 

8,0 

9.50 

124 

4/5 

r2so 

1243 

572 

671 

54 

103 

0.56 

9,2 

8,6 

9.10 

134 

4/11 

1478 

1342 

604 

738 

55 

110 

0.58 

9,4 

18,6 

8. SO 

153 

Experimental  history,  see  table  46-b. 

Uver  show  up  to  advant^e  as  compared  with  the  mixed  <liet  under 
such  conditions.  Apparently  the  fasting  or  sugar  feeding  or  other 
limited  diet  causes  a  draining  of  the  body's  reserve  and  subsequent 
blood  regeneration  suffers  because  of  this  depletion  of  reserve  or 
impairment  of  function. 

Tables  56  and  57  are  incomplete  in  that  the  amount  of  beef  heart  is 
not  known  but  the  weights  give  assurance  that  a  liberal  amount  of  food 
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was  consumed.  There  ia  only  a  trifling  loss  of  weight  during  the  last 
week  of  the  experiment  when  the  blood  picture  had  returned  to  normal. 
It  is  obvious  that  the  blood  regeneration  in  these  two  experiments  is 
much  slower  than  that  recorded  in  experiments  53  and  54.  Four  to  6 
weeks  elapse  before  the  hemoglobin  and  hematocrit  return  to  normal 
and  5  to  7  before  the  pigment  volume  and  red  cell  count  return  to  the 
original  level. 

TABLE  S7 
Bhod  regeneration— beef  heart.     Dog  17-191.     Bull  mongrel,   male,   young  adiUl 


i 

fit 

pi 

f 

i 

■J 

31 

a 

•1 

> 

g 

I 

«. 

«. 

pttaM 

per  «-.f 

km. 

cc. 

4/24 

1157 

1032 

537 

496 

48 

113  1  0.78 

7,2 

10,6 

9.80 

105 

4P4 

Diet:  Bread 

and  IT 

ilk 

4/26 

Bled  258  cc. 

4/26 

Bted  258  cc 

4/27 

4/27 

Diet:  Beet 

eart 

6/2 

662 

883 

609 

274 

31 

75 

0.79 

4.7 

11,6 

9.90 

89 

6/9 

804 

992 

585 

407 

41 

81 

0.67 

6.0 

8,0 

9.50 

104 

5 /IB 

in:w 

low 

567 

483 

46 

98 

n.RO 

6,1 

12,0 

9.50 

110 

6/23 

1255 

1172 

633 

539 

46 

107 

0  73 

7.3 

9.0 

9.50 

123 

5/3(] 

1308 

1147 

585 

562 

49 

114 

0.81 

7,0 

8.0 

9.60 

121 

6/6 

1360 

1214 

607 

fl07 

50 

112 

U,64 

8,7 

6.8 

9.10 

133 

No  previous  anemia  experiments  on  this  dog. 

Blood  volume  with  dry  oxalate.    HemoRlobin  by  Snhli  tubea. 

Tables  58  and  59  both  deal  with  bile  fistula  doge.  The  experiments 
were  performed  at  the  same  time  under  identical  conditions  and  the 
reaction  to  the  beef  heart  diet  is  strikingly  uniform.  It  is  known  from 
the  autopsy  notes  that  the  bile  was  completely  excluded  from  the  in- 
testine. A  meat  diet  is  not  well  tolerated  >)y  these  bile  fistula  dogs 
over  long  periods  and  a  loss  of  weight  is  usually  noted  under  such  con- 
ditions. As  a  result  of  this  long  period  of  meat  feeding  we  note  subse- 
quent intoxication  which  resulted  fatally  in  spite  of  a  mixed  diet  regime. 
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The  beef  heart  was  eaten  with  relish  but  the  amounts  given  are  not 
recorded.  There  is  a  distinct  gain  in  hemoglobin,  red  cells  and  pig- 
ment volume  during  each  of  the  first  3  weeks.    The  level  at  the  end  of 

TABI.K  M 

Blood  TtgeneraHon—heef  henrt—biU  finluta.     Dog  17-SS.     Bull  mongrel,  female, 

young  adult 


'3 

t 

J 

- 

g 

- 

s 

§ 

pi 

i 

I 

i 

i 

s 

•i 

•• 

a 

a 

«, 

«. 

„. 

IW 

p^ 

*f-. 

<». 

5/28 

1330 

1244 

500 

6S4 

55 

107 

074 

7,2 

20,0 

9.10 

136 

.13 

Bled  311  cc. 

5/30 

Bled  311  cc. 

5,-31 

1     1     1 

48  1  0,77[  3,1 

45,6|  9.10 

5/31 

Diet :  Beef  heart 

6/6 

540 

900 

567 

333 

37 

GO 

0.79 

3.8 

14,6 

8-20 

109 

6/15 

m 

9r< 

480 

443 

48 

94 

0.7f 

6,0 

7,e 

8.4( 

109 

6/2U 

M2 

9X 

476 

457 

49 

102 

0,72 

7.1 

8.4 

8.K 

115 

6/29 

800 

1000 

590 

410 

41 

SO 

0  74 

5,4 

6,8 

8.40 

119 

No  increue 
in       bile 
pigment 

7/6 

64'J 

TIti 

450 

1:77 

38 

89 

0.78 

5,7 

7,0 

8.00 

91 

7/9 

Diet:  Mixed  diet 

7/13 

« 

846 

533 

313 

37 

82  1  0,77 

5,3 

20,0 

8.80 

96 

7/18 

797 

848 

500 

348 

41 

94  jo  90 

5,2 

19,8 

9.00 

94 

8/9 

Dea 

hfro 

mbil 

fiBtU 

EkiDt 

..ic. 

ion 

Bile  pigment  daily  output  per  6  hours  before  this  experiment  (28  d&y  aver- 
age) =  14.0  nigm. 

Bile  pigment  daily  output  per  0  hours  during  this  experiment  (30  day  aver- 
age) =  13.4  mgm. 

Blood  volume  with  dry  oxalate.     Hemoglobin  by  Sahli  tubes. 

the  third  week  is  almost  normal  in  both  dogs  and  if  the  experiments 
had  been  terminated  at  this  point  we  should  of  necessity  conclude  that 
the  reaction  was  similar  to  that  so  often  observed  in  the  normal  dog. 
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But  the  fourth  week  in  both  d(^  shows  a  decided  drop  in  pigment 
volume,  hemoglobin  and  red  cell  hematocrit. 

We  fortunately  have  the  daily  bile  pigment  output  figures  at  hand 
and  can  say  that  there  is  no  increase  in  bile  pigment  elimination  during 
this  week  of  falling  hemoglobin.  So  we  may  not  explain  this  decrease 
in  the  curve  as  due  to  some  agent  destructive  to  the  red  cells.  It  has 
been  established  (2)  that  a  sudden  destruction  of  red  cells  in  theblood 
stream  will  result  in  an  increased  output  of  bile  pigment  althou^  the 
reaction  is  not  in  any  degree  a  quantitative  reaction  as  some  observers 
have  claimed  (3).  We  have  no  convincing  explanation  for  these  ob- 
served facts  but  suggest  that  the  poor  quality  of  the  red  cell  may  be  a 

TABLE  SB-B 
BxperinterUat  hittory.     Dog  17-SS  (Inle  fittula) 


«„ 

BL 

™no» 

PiDUDt 

SiSSiS' 

Begin  12/18/16 
Bled  600  cc. 
End  1/17/17 

Lean  meat 

892 

M 

ktm. 
8.80 
8.90 
8.90 

100  Hb. 

(4  bleedings) 

101  Hb. 

3/8/17 

Bile  Bstula  operation 

Begin  5/28/17 
Bled  G22  cc. 

End  7/ft/I7 

Beef  heart 

1330 
649 

136 
91 

9.10 
9.10 
8.00 

107  Hb. 

Maximum  regenera- 
tion 3  weeks 

factor.  Limited  diets  as  well  as  splenectomy  under  certain  experi- 
mental conditions  seem  to  be  associated  with  red  cells  which  are  prone 
to  disintegrate  more  readily  than  normal. 

The  average  daily  bile  pigment  output  is  given  in  each  table  for  a  30- 
day  period  before  the  experiment  and  during  the  anemia  regeneration 
period.  One  dog  shows  identical  figures  for  the  mixed  diet  control 
and  beef  heart  period.  The  other  dog  shows  a  much  higher  output 
on  the  mixed  diet  than  on  the  beef  heart  diet.  We  believe  this  is  to 
be  explained  by  the  mixed  diet  which  is  made  up  of  meat  scraps,  bones, 
bread,  potatoes,  table  scraps,  etc.,  and  is  given  in  moderate  excess. 
This  allows  a  certain  choice  on  the  part  of  the  dc^  and  if  the  animal 
prefers  the  carbohydrate  fractions  we  may  observe  the  familiar  reac- 
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tioD  to  carbohydrate  feeding  in  the  bile  fistula  dog,  namely,  an  increase 
in  bile  pigments. 

TABLE  w 

Blood  regeneralion — beef  heart — bile  JUtula.    Dog  l7~tSS.    Bull  mongrel,   male, 

young  odulf 


:,! 

^ 

I 

J 

i 

1 

! 

! 

I 

i 

! 

i 

\ 

.».i« 

«. 

«. 

«. 

^ 

t^i 

hr-. 

«. 

5S8 

1660 

1416 

708 

708 

50 

no 

0.67 

8.2 

11,2 

11.50 

123 

5/28 

Diet:  Mi«d  diet 

.1B9 

Bled  354  cc. 

5/30 

Bied  354  cc. 

5/31 

495|  935|  645|  29o|    31 

53 

0.63 

4,2 

9,2|l0.80 

86 

6/31 

Diet:  Boiled  beef  heart 

fl/S 

1030 

1213 

752 

461 

38 

85 

0.70 

6.1 

».o 

10.90 

111 

e/15 

1165 

1285 

645 

62C 

49 

02 

0.6f 

7.0 

10.< 

10.91 

116 

8/22 

1385 

12S1 

615 

666 

62 

108 

0.6J 

7,9 

9.! 

10. Ot 

128 

6/29 

»46 

1186 

700 

484 

41 

SO 

0,67 

6,6 

14,6 

9.80 

121 

NobilepignieDt 

7,« 

1100 

1038 

571 

468 

45 

106 

0.73 

7,3 

15,0 

10.00 

103 

7/1.' 

113f 

l]3t 

68; 

455 

40 

100 

OM 

5,8 

IA,< 

<l.9( 

115 

7/B 

11» 

1288 

824 

464 

36 

87 

0.84 

5,2 

«.8 

10.30 

125 

No  bile  pifcment 
increase 

7/19 

Diet:  Mixed  diet 

8/9 

Death  from  bile  li  still  a 

ntojt 

catio 

Bile  pifcment  daily  output  per  6  hours  before  this  experiment  (30  day  aver- 
age) —  31.8  mKra. 

Bile  pigment  daily  output  per  6  hours  during  this  experiment  (30  day  aver- 
l^e)  =  15.2  mgm. 

No  previous  anemia  experiments  on  this  dog. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahti  tubes. 

We  may  recall  that  the  fasting  bile  fistula  dog  will  react  as  promptly 
to  anemia  as  the  normal  di^  (table  23)  and  the  bile  fistula  dog  on  a 
bread  and  milk  diet  also  presents  a  normal  blood  regeneration  curve 
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(table  32).  But  the  meat  diet  reaction  in  the  bile  fistula  dc^  is  not 
like  the  reaction  of  the  aomial  animal.  The  unfavorable  clinical 
reaction  of  the  bile  fistula  dog  to  the  meat  diet  is  often  conspicuous 

TABLE  SO 

Blood  regeneration— liver.    Dog  /*-SS.    Bull  mongrel  pup  male 


'PoikilocytosiB  of  red  blood  cells. 

t  Beef  liver  cooked,  fat  and  connective  tissue  removed,  ground. 

No  previous  anemia  experiments  on  this  dog. 

(diarrhea  and  loss  of  weight  and  activity)  and  this  may  explain  the 
observations  recorded  in  tables  58  and  59. 

Tables  60  and  61  show  the  remarkable  infiuence  which  cooked  liver 
exerts  upon  blood  regeneration.  As  the  sole  article  of  food  cooked 
liver  may  not  be  well  tolerated,  but  in  these  two  experiments  the  dogs 


,v  Google 


252 


a.   H.  WHIPPLE,   P.  8.  ROBSCHEIT  AND  C.   W.   HOOPBB 


ate  &11  of  the  liver  and  gained  weight.  The  remarkable  gain  in  hemo- 
globin, red  cells  and  pigment  volume  is  at  once  obvious  at  a  glance. 
One  eiipcnment  (table  61)  shows  practically  complete  regeneration  in 
2  weeks  from  the  usual  anemia  level  and  both  dogs  are  more  than 

TABLE  « 
Blood  regeneration — liver.    Dog.  IS-Ili.    Bull  mongrel,  female,  young  adult 


iB 

I 

'M 

1 
1 

; 

H 

K 

1 

i 

pi 

i 

I 

■ 

i 

s 

5 

1 

J 

11 

1 

i 

a. 

«. 

«. 

IV  WX 

IWHIK 

kam. 

«. 

11/14 

1640 

1411 

643 

763. 

54.0 

116 

0.58 

11,3 

14,8 

13.60 

105 

11/14 

Diet:  Crackennea]  and  milk 

11/15 

Bled  353  cc. 

11/16 

Bled  353  cc.    No  distKss 

11/18 

862  ]  1077  1    695J  372  |  34.6 

79  1 

12.86 

S4 

11/18 

Bled  270  cc.    No  distress 

11/20 

592  I  1016  1  724  1  280  1  27.6 

58  1  0.82 

3,5 

14.2 

12.50 

« 

11/30 

Diet:  760  Br«ns  cooked  beef  liver* 

11/27 

1306 

1290 

728 

540 

41.8 

101 

0.74 

6,8 

11.8 

13.26 

97 

12/4 

1730 

14H0 

740 

720 

48.6 

117 

0.76 

7,7 

20.0 

13,3.' 

m 

12/11 

1902 

1516 

728 

766 

50.6 

126 

0.82 

7,6 

13,4 

13.65 

111 

12/13 

Diet:  Mixed  diet 

12/20 

1479 

1333 

713 

613 

46.0 

111 

0.65 

8,6 

14.B 

13.90 

96 

12/27 

1206 

1276 

670 

694 

46,6 

101 

13,75 

93 

1/10/19 

1636 

1390 

668 

716 

61.6 

117 

0.68 

8.6 

12,8 

14.20 

98 

*  Beef  liver  cooked,  fat  aod  coonective  tissue  removed,  ground. 
Experimental  history,  see  table  l^b. 

back  to  normal  in  3  weeks.  We  are  able  to  refer  to  a  number  of 
other  experiments  on  this  dog  (table  61,  dog  18-114,  exper.  history  table 
12-b)  to  give  a  good  line  on  the  type  normal  blood  r^eneration. 

Table  62  shows  another  experiment  with  cooked  beef  liver  but  the 
amount  of  liver  fed  is  much  less  and  the  rest  of  the  food  caloric  vahie 
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is  made  up  by  crackermeal  and  milk.  We  see  this  small  amount  of 
liver  causing  a  prompt  rise  of  the  hemt^lobin  and  red  cells  to  normal 
in  3  weeks,  whereas  the  crackermeal  and  milk  alone  would  require  at 
least  5  to  6  weeks  for  complete  regeneration. 


BUntd  Tegtneration— liner  and  eraekermeat.    Dog  19-lS.    Brindle  bull  mongrel, 
female,  young  adult 


•  a 

i 

i 

1 

! 

1 

8 
1 

» 

■ 

5 

I 

d 

, 

3 

^.™ 

■ 

K 

■ 

" 

° 

" 

a 

«. 

«. 

«. 

S^ 

Z, 

kam. 

«. 

8/9 

1702 

1120 

462 

650 

58-0 

152 

0.95 

7.9 

6,3 

10.86 

103 

8/9 

Diet:  Crackermeal  and  milk 

8/12 

Bled  280  cc.    No  distreis 

8yi3 

Bled2S0cc.    Nodist 

8/15 

063|    7a2|  fiOl  1  253 

8/16 

Bled  190  cc.    No  dist 

8/17 

468]    6ee|  493  |  173  |  25. 8|    70  |  0.92|  3.8 

16,8|lO,35 

« 

•  Poik.  ++ 

8/17 

Diet:  70  g 

rams  cooked  beef  Iiver,t  200  gram 

0  cc.  milk 

8/23 

664 

8 

8/30 

129(1 

9 

»/B 

I6O0 

10 

9/13 

1700 

10 

*  Poikilocytosia  of  red  blood  cells. 

t  Beef  liver  cooked,  fat  and  connective  tissue  removed,  ground. 
No  previous  anemia  experiments  on  this  dog.    See  table  64  for  subsequent 
experiment. 

Table  63  is  not  very  satisfactory  but  is  included  because  several  in- 
teresting points  may  be  made.  This  dog  at  the  beginning  of  the  ex- 
periment was  very  young,  approximately  4  months,  but  the  date  of 
birth  was  not  positively  known.  The  pup  had  a  hemoglobin  of  73  per 
cent,  which  is  not  unusual  in  young  dogs  of  this  age.  The  amounts 
bled  were  less  than  normal  because  of  this  fact,  but  the  total  reserve 
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was  evidently  considerable,  as  indicated  by  the  high  figures  after  the 
bleeding.  The  young  dog  was  growing  rapidly  during  the  whole  period 
of  the  experiment,  again  of  3  kilos  body  weight  in  6  weeka.  The  bkx>d 
volume  shows  a  considerable  increase  during  this  period,  almost  100 
per  cent  gain.     The  gain  in  hemoglobin  and  hematocrit  is  steady  and 


Blood 

regtneration 

-liver 

and  bread.     Dog  18- 

/;.  £ 

ult  mongrel  pup.  female 

S 
1 

il 

s 

i 

1 

I 

I 

K 

1 

i 

;! 

* 

1 

«. 

B. 

«. 

l«r«n( 

ptrcml 

kcm. 

«. 

4/24 

653 

758 

455 

291 

38. 4 

73 

0,53 

6,9 

23.6 

7.85 

94 

4/24 

Diet:  Bread  and  ni 

ilk 

4/26 

Bled  189  cc. 

4/27 

Bled    SO  ce.    No  dietress 

4/29 

4f30  . 

Diet  1  200  grams  bread,  500  cc.  milk,  50  grams  cooked  beet 

iver,  •  ground 

up  with  bread 

5/8 

509 

740 

432 

293 

39.6 

81 

0.56 

7,2 

8,4 

8.00 

93 

5/15 

43.6 

88 

0.52 

8,6 

20,6 

8.8C 

5/22 

825 

938 

514 

411 

438 

87 

0.54 

8,0 

16,0 

9,5t 

98 

5/2S 

791 

807 

463 

330 

40.9 

98 

0.69 

7,1 

22,8 

9.60 

84 

5/29 

Diet:  Mixed  diet 

6/5 

902 

497 

391     43.4 

1 

10.45 

86 

6/10 

1059 

1009 

556 

443     43.0 

105 

0.67  1    7,8 

11,8 

10.70 

94 

*  Beef  liver  cooked,  fat  and  connective  tissue  removed,  and  ground  up  with 

Experimental  history,  see  table  12-b. 

No  previous  anemia  experiments  on  this  dog. 

comes  close  to  the  average  normal  at  the  end  of  the  experiment,  in 
marked  contrast  to  the  level  at  the  beginning  of  the  experiment. 

Meat  extract  (tables  64  and  65)  evidently  does  not  add  anything  to 
a  given  diet  which  in  itself  is  especially  favorable  to  blood  regeneration. 
We  have  no  evidence  to  show  that  meat  extract  is  favorable  or  unfa- 
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vorable  to  blood  reconstruction.  Table  64  shows  the  rapid  blood  re- 
generatioQ  which  we  expect  on  a  cooked  liver  diet  and  the  return  to 
normal  requires  but  3  weeks.  We  note  again  in  this  experiment  the 
fall  which  often  occurs  following  a  sudden  change  to  another  diet 

TABLE  »4 

Blood  regeneration — liver  and  beef  extract.    Dog  10-15.    Brindle  bvll  mongrel, 
female,  young  adtUl 


I 

s 

, 

1 

S 

1 

1 

i 

ill 

j 

t 

I 

f 

i 

i 

t 

I 

s 

E 

a 

<■ 

•i 

n 

S 

* 

■ 

a. 

tc. 

B. 

rtremt 

pvwU 

*««. 

«. 

11/14 

1615 

1260 

506 

746 

59.3 

128 

0.76 

8.4 

10,8 

12.40 

102 

U/U 

11/15 

Bled  315  cc.    No  diatreBS 

11/16 

Bled  315  cc.    Nodiatrees 

11/18 

584  1    aog  |S50  1    25S  I  31.5 

-1 

|u.» 

68 

11/18 

Bled  202  cc. 

11/20 

508  I    796  j  S68  1    224  {  28.1 

64  [0.69 

.,. 

14,4  1  11.35 

70 

11/20 

Diet:  450  gr&ms  cooked  beef  H 

rer*  and  10  grama  Liebig'a  beef  extract 

11/27 

808 

917 

565 

347 

37.9 

88 

0.76 

5,8 

12,8 

11.30 

81 

12/4 

1100 

1002 

555 

458 

45.0 

108 

0.66 

8.2 

15,3 

n.st 

89 

12 /U 

1300 

1084 

560 

518 

47.8 

120 

0.60 

10,3 

12,2 

11.35 

05 

12/13 

Diet:  Mixed  diet 

12/20 

912 

954 

560 

395     41.6 

96     0.66 

8,6 

16,8 

11.95 

80 

12/27 

926 

1010 

564 

427     42.2 

92 

11.85 

85 

1/10/19 

1122 

1060 

640 

S08     48.0 

106     0.91 

8.0 

13,6 

12.00 

88 

•  Beet  liver  cooked,  tat  and  connective  tissue  removed,  ground. 
Reter  to  table  62  far  previous  experiment. 

(mixed  diet)  which,  too,  is  very  favorable  for  blood  regeneration  and 
maintenance.  It  is  clear  that  there  is  no  fluctuation  in  plasma  volume 
4'hich  would  supply  an  easy  explanation  for  this  phenomenon. 

Meat  extract  (table  65)  does  not  modify  the  reaction  which  may  be 
expected  following  a  liberal  bread  and  milk  diet.     The  blood  picture  is 
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returned  almost  to  normal  in  4  weeks  after  the  anemia  and  there  is  a 
gain  in  weight  of  1  kilo.  A  change  to  a  mixed  diet  gives  a  favorable 
reaction  as  is  usual  under  these  circumstances.  We  may  refer  also  to 
a  part  of  table  66,  which  gives  more  data  on  the  influence  of  bread  and 


Ik.    Dog  ta 

-tie. 

Bull  mongrel  pup, 

ftmaU 

i 

1 

1 

i 

li 

n 

3- 

» 

1 

3 

ButAan 

«. 

„, 

«. 

SJ, 

SH; 

k9m. 

«. 

4/24 

903 

962 

459 

486 

60.5 

94 

0-65 

7,2 

8,8 

9.75 

99 

*  Slight 

4/24 

Diet:  Bread  and  milk 

4125 

Bled  240  CO.  from  jugular  vein 

4/28 

Bled  190  cc.  from  jugular  vein 

4/29 

4/29 

Bled  110  ce.  from  jugular  vein 

4/30 

Diet:  200  grams  bread,  500  cc.  milk,  10  grv 

lu  Liebig's  beef  extract 

5/S 

717 

966 

591 

347 

36.3 

75 

0.48 

7.8 

10,0 

9.60 

99 

. 

5/15 

882 

1297 

760 

517 

39. { 

68 

0.4C 

7,3 

8,< 

9.SC 

137 

• 

5/22 

859 

1035 

594 

430 

41-5 

83 

0.51 

8,2 

22,f 

10. 7C 

97 

5/29 

865 

961 

550 

403 

41.8 

90 

054 

8,3 

10,2 

10.85 

89 

• 

5/29 

Diet:  Mixed  diet 

«/I0 

1207 

1128 

634 

483 

42.8 

107     0.63|  8,5 

.10,0 

12.50 

90 

6/18 

104 

*  Potkilocytosis  of  red  blood  cells. 
Experimental  history,  see  table  I3-b. 

milk  plus  meat  extract.  The  meat  extract  adds  nothing  to  the  reaction 
which  is  identical  with  the  expected  reaction  from  the  bread  and  miJk 
alone.  • 

Tables  66  and  67  are  to  be  considered  together.     The  experiments 
were  done  at  the  same  time  under  identical  conditions  and  the  results 
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Blood  regeneration — toaUry  liver  extract  and  sugar;  bread  and  milk;  meat  extract, 
bread  and  milk;  beef  heart,  bread  and  milk.  Dog  I7-Ii7.  Coach  mongrel,  female, 
young  adult 


s 
s 

pi 

j 

1 

■ 

M 

i 

8 

>i 

■ 

1 

I. 

....,„ 

«. 

«. 

«. 

V 

z. 

km. 

«. 

2(20 

1340 

1180 

567 

606 

51.4 

113 

0.79 

7,2 

8,^ 

10.35 

114 

2/20 

Diet 

:  Bi«ad  and  milk 

2/21 

Bled 

295  cc.    NodiBti«SB 

2/22 

Bled 

295  cc.    DiatreBB.    Injected  50  cc.  of  5  per  cent  Bugar  solution 

2/24 

42 

»|    85| 

2/26 

Diet 

:  100  gr&raa  sugar,  10 

rams  watery  liver  extract.t  250  cc.  water 

3/5 

720 

868 

519 

345 

39.7 

83 

o.od 

4.6 

11,0 

8.95 

97 

3(12 

7W 

8i; 

493 

312 

38.-I 

86 

0,» 

4,9 

7,2 

8.25 

on 

3/18 

666 

rao 

420 

294 

40.2 

91 

0.80 

5.7 

8,8 

8.05 

91 

3/18 

Diet 

:  200  grams  bread,  300 

cc.  milk 

3/28 

82. 

929|  560  1  360  1  38.7 

89  I  0.85|  5,2  1   10,0|  8.4o|  110  | 

3/26 

Diet 

:  200  granu  bread,  300 

cc.  milk,  10  grams  commercial  meat  extract 

4/2 

756 

913 

556 

398 

38-1 

83 

0.90 

4.6 

10,8 

8.75 

104 

4/8 

635 

82t 

522 

298 

36, ( 

77 

0,67 

5,7 

14,C 

8.75 

95 

• 

4/14 

7U 

»7f 

538 

324 

37. ( 

82 

0.7S 

5,6 

n.2 

8.75 

100 

4(21 

860 

984 

584 

389 

39.6 

87 

0.72 

6.0 

12,8 

8.90 

110 

4(21 

Diet 

:  200  grams  beef  heart 

(cooked),  200  grams  bread,  300  cc.  milk 

4/28 

772 

m 

588 

345 

36. fl 

82 

0.67 

fi,I 

12,4 

n.55 

99 

5/7 

842 

961 

572 

3S4 

40.C 

88 

0.73 

6,0 

15.4 

10. M 

96 

5(12 

890 

998 

590 

397 

39.8 

80 

0.72 

6,2 

15,0 

fl.90 

101 

5(12 

Diet 

:  Mixed  diet 

*  Poikilocytosis'  of  red  blood  ceHs. 

t  Watery  liver  extract:  Beef  liver  cut  up  into  small  cubes,  allowed  to  stand 
in  water  over  night  in  ice-chest,  boiled  in  same  water,  and  filtered.  Filtrate  con- 
centrated tn  thick  paste. 
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TABLE  M-i 

Experimtnlal  history.  ■  Dog  I7-/57 


BLOOD 

BXrUIHCXT 

■"" 

"""" 

>"""" 

Pi«ni«nt 

Blood  p»r 

voliuu 

lulocnm 

ktm. 

Begin  e/3/17 

Crackermeal, 

1025 

lis 

8.40 

Bled  496  cc. 

lard  and  gela- 

380 

83 

8.20 

End  10/25/17 

tin 

890 

102 

8.70 

Begin  3/6/18 

Crackermeal, 

1084 

99 

9.80 

Table  71 

Bled  488  cc. 

lard,       butter 

614 

90 

9.10 

End  4/0/18 

and      Blaud'a 
pills 

984 

106 

8.30 

Begin  5/20/18 

Sugar,  metabol- 

1113 

120 

10.20 

Bled  612  cc. 

ism,  desiccated 

313 

75 

9.fi0 

End  6/18/18 

beef  heart 

663 

100 

7.60 

Masdmum  regen- 
eration 3  weeka. 
Pigment  vol- 
ume 698  cc. 

Begin  8/28/18 

Hb.    and    sugar 

1366 

102 

10.10 

Table  78 

Bled  710  ce. 

feeding 

433 

79 

9.25 

(3  bleedings) 

End  11/12/18 

Hb.  intravenous- 
ly   and   sugar 
feeding 

Hb,  intravenous- 
ly and  cracker- 
meal  -t-  milk 

Crackermeal, 
milk  and  dried 
yeast 

886 

114 

8.15 

Pigment  volume 
805  at  end  of 
Hb.  period 

Begin2/20/ig 

Liver      extract, 

1340 

114 

10.35 

Table  66 

Bled  590  cc. 

sugar 

420 

85 

9.50 

End  5/12/19 

Bread,        milk, 
meat  extract 

Beef  heart,  bread 
and  milk 

890 

101 

9.90 

Pigment  volume 
666  cc.  at  end 
of  sugar  feeding 

are  very  su^estive.  Both  dogs  have  been  observed  in  ouuiy  other 
experiments  and  their  anemia  reactions  are  therefore  well  known.  One 
dog  was  given  the  watery  extract  of  beef  hver  and  the  other  the  liver 
residue.    Sugar,  100  grams,  was  added  to  each  feeding  and  it  is  clear 
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TABLE  61 

Blood  regmeration — tiver  retidue  and  tugar;  bread  and  milk;  cracbermeal  and  bread 
and  milk;  eooktd  beef  liver  and  bread  and  milk.  Dog  16-1S8.  Coach  mongrel, 
mob,  young  adult 


i 

i 

i 

j 

1 

s 

1 

li 

n 

£ 

•i 

K 

1 

a 

i 
I 

,™.„. 

«. 

«. 

«. 

ent 

iSi 

**«, 

«. 

SBO 

1S62 

1375 

549 

820 

69.6 

136 

0.77 

8.8 

7,0{l2.35 

in 

2B0 

Diet:  Bread  aad  milk 

2(21 

Bled  344  cc.    No  diBtresB 

2/22 

Bled  344  cc.    Dyspnea;  injected  50  cc.  of  6  per  cent  sugar  solution 

2/24 

823]    g83|  626  1  363  1  36.6 

84  1  1,02{  4,1   1  19,6|n.40{    86 

2/25 

Bled  246  cc. 

2/27 

478|    778{  662  1  211  1  27.2 

61  1  0.85|  3,6  1     8,4|n.l0|    70 

2/27 

Diet:  100  granu  sugar,  200 
MMiduet 

cc.  water  by  atomach  tube;  100 

grams  liver 

3/S 

(m 

867 

631 

331 

38.2 

fiO 

0.76 

5,3 

6,4 

10  75 

81 

. 

3/12 

87( 

9« 

617 

373 

41.6 

97 

0.84 

6.8 

5,-1 

9.95 

00 

•  Poik.+ 

3/18 

738 

754 

421 

329 

43.7 

98 

0.83 

5,9 

14,4 

0.15 

82 

•  Poik.+ 

3/18 

Diet:  200  grama  bread,  300 

cc.  milk 

3/26 

725|    923J  597  |  316  134.3 

79  |0.77J  5,1   1     6,8|l0.15|    91 

•  Poik. 

3/26 

Diet:  200  grams  bread,  100 

4/2 

748 

044 

600 

339 

35.9 

79 

0,61 

6,5 

9,8 

10.50 

90 

•  Poik.+ 

4/8 

685 

06f 

616 

340 

35.: 

71 

0,61 

5,8 

10,!; 

11. 1( 

87 

•  Poik. 

4/14 

76i 

96* 

608 

365 

36.7 

79 

0.5E 

6.7 

7,f 

12.75 

76 

•  Poik. 

4/21 

840 

1072 

640 

406 

37,9 

78 

066 

7,0 

10,6 

11.20 

96 

4/21 

Diet:  200  grama  cooked  be 

r  liver,  200  grama  bread,  300  cc. 

nilk 

4/28 

820 

1027 

629 

388 

37,8 

80 

0.73 

5,5 

12.0 

11.95 

86 

5/7 

1165 

1166 

696 

649 

47,5 

100 

075 

6,7 

9,6 

11.45 

101 

5/12 

1074 

1095 

683 

602 

45.8 

98 

0,66 

7,4 

13,0 

U.80 

93 

•  Poik.+ 

6/12 

Diet;  Mixed  diet 

*  Poikilocytosia  of  red  blood  cells. 

t  Liver  residue:  Residue  left  after  n-ater  and  alcoholic  extraction;  put  in 
meat  presa  and  all  liquid  removed.  Juat  before  feeding  residue  was  again  washed 
and  brought  to  boiling  point  to  remove  all  truces  of  ak-ohol.  Dog  did  not  always 
eat  full  amount  of  food  mixture. 

Experimental  history,  aee  table  46-b. 
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that  l)oth  the  liver  watery  extract  and  liver  residue  exert  a  certain  in- 
fluence upon  the  blood  regeneration  which  is  much  more  than  can  be 
accounted  for  by  the  sugar  alone.  The  liver  residue  has  greater  in- 
fluence upon  the  blood  regeneration  than  does  the  liver  watery  ex- 
tract but  the  difference  is  not  striking. 

Bread  and  milk  feeding  for  1  week  subsequent  to  these  sugar  and  liver 
periods  does  not  cause  much  reaction.  There  is  a  slight  loss  in  hemo- 
globin and  red  cell  hematocrit  in  experiment  67  (liver  residue). 

The  next  4  weeks  are  similar  and  bread  or  crackermeal  and  milk 
are  the  essential  features  of  the  diet.  The  level  of  pigment  volume,  red 
cell  hematocrit  and  hemc^lobin  is  constant.  There  is  slight  gain  in 
the  red  cell  counts. 

We  have  pointed  out  the  fact  that  a  prolonged  diet  period  unfavor- 
able to  hemoglobin  regeneration  will  leave  the  dog  in  a  condition  which 
may  be  clinically  excellent  but  from  the  standpoint  of  formation  of 
hemoglobin  very  unfavorable.  These  two  dogs  were  still  anemic 
although  in  excellent  physical  condition  and  of  practically  normal 
weight.  Under  such  circumstances  we  feel  that  any  diet  is  given  its 
most  severe  test  and  few  diets  of  limited  nature  can  give  a  favorable 
reaction  as  regards  blood  regeneration.  Under  ordinary  circum- 
stanoes  a  diet  of  beef  heart,  bread  and  milk  (table  66)  is  favorable  for 
blood  regeneration  but  under  this  severe  test  with  unfavorable  con- 
ditions we  note  tittle  if  any  blood  regeneration  during  a  period  of  3 
weeks. 

Cooked  beef  liver  with  bread  and  milk  even  under  these  same  unfa> 
vorable  conditions  is  able  to  effect  a  prompt  blood  regeneration — con- 
spicuous in  red  cell  hematocrit,  red  count  and  hemoglobin.  This  is 
the  severest  test  of  any  diet  factor  in  its  relation  to  blood  regeneration. 
Also  refer  to  ts^le  22  (same  experiment). 

DISCtlSSION 

The  reader  will  observe  many  individual  differences  in  the  reactiona 
of  various  dogs  to  a  tmit  type  of  secondary  anemia.  Some  of  these 
vagaries  we  are  as  yet  unable  to  explain  but  others  are  now  much 
clearer  than  in  the  earlier  stages  of  this  investigation.  We  have  noted 
that  on  occasions  certain  d<^  made  anemic  for  the  first  time  presented 
a  most  unusually  rapid  regeneration,  even  on  a  very  limited  diet. 
This  is  not  the  rule,  but  is  sufficiently  common  to  si^gest  caution  in 
conclusions  drawn  from  such  experiments.    A  repeat  experiment  will 
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give  the  true  constant  reaction.  How  to  explain  this  fact  is  not  clear 
to  us,  but  a  simple  way  out  is  to  assume  a  reseri'e  present  in  the  body 
under  these  conditions  which  permit  of  unusual  blood  regeneration 
even  under  most  unfavorable  diet  conditions.  A  knowledge  of  this 
fact  may  keep  the  investigator  from  falling  into  error  in  deductions 
drawn  from  single  experiments.  With  this  exception  the  dogs  will 
show  imiform  reactions  when  we  repeat  anemia  experiments  under 
uniform  conditions. 

It  ia  clear  that  long  limited  diet  periods  following  the  standard 
anemia  may  preserve  the  dogs  in  excellent  physical  condition  as  con- 
cerns weight,  general  condition  and  activity.  These  same  dt^,  how- 
ever, may  continue  to  present  a  definite  anemia.  Under  such  condi- 
tions many  diet  mixtures  are  unable  to  stimulate  any  blood  regenera- 
tion. Any  diet  factors  are  put  to  the  severest  test  when  they  are 
administered  to  dogs  under  such  circumstances  and  we  are  inclined  to 
accept  this  as  the  severest  test  for  any  given  diet  factor.  Cooked 
liver  gives  a  very  favorable  reaction  and  causes  blood  regeneration 
even  under  these  severe  test  conditions. 

Following  a  simple  anemia  many  diet  mixtures,  if  given  at  once,  will 
causb  a  distinct  gain  in  hemoglobin  and  red  cells.  But  if  a  limited 
diet  period  intervenes  between  the  anemia  and  the  exhibition  of  the 
test  diet  we  will  see  a  negative  reaction.  This  may  be  illustrated  by 
bread  and  milk  given  in  liberal  amounts  suf&cient  to  permit  a  gain  in 
body  weight  or  at  least  a  maintenance  of  body  weight.  If  the  dog  is 
bled  and  at  once  placed  on  a  bread  and  milk  diet  there  will  usually 
appear  a  slow  steady  gain  in  pigment  volume.  If  the  same  dog  is 
placed  on  a  limited  carbohydrale  diet  for  3  to  4  weeks  before  being 
changed  to  a  liberal  bread  and  milk  diet  we  will  usually  observe  sub- 
sequently an  unchanged  level  of  pigment  volume,  red  cell  hematocrit 
and  hemoglobin.  Under  such  unfavorable  conditions  the  bread  and 
milk  diet  is  unable  to  give  a  favorable  reaction  for  the  blood  regenera- 
tion. In  certain  experiments  the  cooked  beef  heart  is  also  unable  to 
modify  the  curve  of  blood  r^eneration  under  these  unfavorable  con- 
ditions. Cooked  liver  is  able  to  induce  blood  regeneration  even  under 
the  most  unfavorable  conditions.  The  same  is  true  for  the  common 
mixed  diet  of  table  scraps.  It  is  important  to  keep  these  facts  in  mind 
when  we  evaluate  the  reaction  following  the  administration  of  a  given 
diet  factor  under  different  experimental  conditions. 

The  question  at  once  confronts  us:  what  part  of  the  meat  or  liver 
substance  is  responsible  for  the  favorable  blood  reaction?     Krst  we 
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must  investigate  the  pigment  subBtancea  present  in  the  meat — for 
example,  the  hemoglobin  and  myohematin.  Some  experiments  with 
hemoglobin  appear  in  the  next  paper  of  this  series,  and  we  hope  soon 
to  report  other  experiments  dealing  with  the  myohematin  pigment. 


Cooked  lean  beef  and  beef  heart  are  diet  factors  of  importance  as 
regards  blood  regeneration  subsequent  to  simple  secondary  anemia. 
These  food  substances  alone  or  in  combination  with  other  foods  will 
give  a  rapid  blood  regeneration  after  anemia. 

Anemia  is  produced  by  bleeding  one-fourth  of  the  measured  blood 
volume  on  each  of  2  successive  days.  This  anemia  will  be  completely 
repaired  within  3  to  4  weeks  if  the  dog  is  given  a  Uberal  diet  of  meat  or 
beef  heart. 

Cooked  liver  is  as  sufRcient  as  meat  and  may  be  even  more  efficient 
in  promoting  complete  blood  regeneration  subsequent  to  a  standard 
anemia.     Blood  regeneration  may  be  completed  in  2  to  4  weeks. 

Commercial  meat  extract  is  inert  and  watery  liver  extract  has  but 
Uttle  influence  upon  blood  regeneration.  ■ 

The  meat  diet  reaction  in  the  bile  fistula  dog  is  not  exactly  like  the 
reaction  of  the  normal  animal. 
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The  familiar  fact  that  iron  in  some  fonn  ia  very  frequently  given  in 
cases  of  secondary  anemia  made  it  imperative  to  test  this  drug  under 
a  variety  of  experimental  conditions.  The  outstanding  fact  in  our 
experiments  is  that  iron  given  as  Blaud's  pills  has  no  influence  in  secondary 
anemia  under  the  conditions  of  these  experimenis.  It  may  be  objected 
that  the  Blaud's  pills  were  not  fresh  or  were  not  dissolved  in  the  dog's 
intestinal  tract.  We  obtajned  these  Blaud's  pills  from  a  large  whole- 
sale firm  in  this  city  and  they  were  soft  and  easily  crushed  into  a  soft, 
pasty  material.  The  pills  were  crushed  before  being  given  by  mouth. 
Further  objections  may  be  made  that  this  drug  has  no  influence  on 
the  dog  but  does  have  potency  when  administered  to  human  beings. 
This  of  course  is  not  subject  to  proof,  but  the  claims  for  the  potency  of 
iron  in  conditions  of  secondary  anemia  do  not  stand  on  firm  ground. 
We  invite  attention  to  the  profound  influence  which  is  properly  attrib- 
uted to  diet  factors.  Those  who  claim  that  iron  is  a  potent  drug  must 
exclude  the  food  factors  which  are  known  to  be  concerned  before  they 
can  prefer  too  many  objections  to  our  negative  results. 

The  feeding  of  blood  has  at  times  been  used  in  the  treatment  of 
secondary  anemia.  We  are  able  to  find  some  experimental  evidence 
to  support  this  treatment,  but  whole  red  cells  or  hemoglobin  given  by 
mouth  in  the  form  of  a  dry. powder  do  not  appear  to  influence  pro- 
foundly the  blood  regeneration  curve.  Our  experiments  show  that 
hemoglobin  does  have  a  distinct  influence  on  blood  regeneration  but 
not  sufficient  to  warrant  its  use  in  uncomplicated  secondary  anemia 
in  view  of  the  favorable  reactions  due  to  meat  and  other  diet  factors. 

The  favorable  reaction  which  seems  to  accompany  administration 

of  hemoglobin  by  injection  (intravenous  and  intraperitoneal)  may  be 
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of  some  value  in  the  treatment  of  certain  forms  of  anemia.  It  ia  pos- 
sible that  the  reaction  to  this  type  of  injection  may  differ  from  that 
associated  with  a  transfusion  and  in  certain  diseases  this  procedure 
(hemoblobin  injection)  may  stimulate  rather  than  depress  the  bone 
marrow.    Further  experimental  work  is  in  progress. 

EXPERIMENTAL  OBSERVATIONS 

The  same  technical  procedures  are  used  in  these  experiments  as 
have  been  described  in  the  first  paper  of  this  series.  Blaud's  piUs 
were  given  daily.  The  experimental  histories  give  the  complete  list 
of  anemia  experiments  on  any  given  dog  and  are  referred  to  in  each 
experiment.  The  control  experiments  are  frequently  given  in  the  other 
papers  of  this  series,  but  the  proper  reference  is  appended  to  the  ex- 
periment dealing  with  iron  or  hemoglobin.  We  hope  to  report  experi- 
ments in  the  near  future  dealing  with  other  drugs  used  in  the  treat- 
ment of  anemia.  We  expect  to  test  many  other  pigment  substances 
besides  hem<:^lobin  as  to  their  influence  on  blood  regeneration.  This 
includes  animal  and  vegetable  pigments  as  they  occur  in  various  meats, 
fish  and  vegetables. 

Table  68  represents  a  long  anemia  experiment  witii  Blaud's  pills 
which  is  conclusive  in  ahowii^  the  complete  failure  of  this  drug  (car^ 
bonate  of  iron)  to  influence  blood  r^eneration  under  the  conditions 
of  the  experiment.  Subsequent  experiments  will  make  it  clear  that 
BJaud'a  pills  are  inert  in  so  far  as  any  influence  on  this  type  of  anemia 
is  concerned. 

The  experimental  history  of  this  dog  (table  18-b)  gives  the  reaction 
of  this  animal  to  dther  diet  factors  and  establishes  the  type  reaction  to 
secondary  anemia.  It  is  fair  to  say  that  this  same  type  of  blood  re- 
generation would  be  expected  without  the  influence  of  Blaud's  |nlls. 
This  dog  is  more  resistant  thim  usual  and  tolerated  this  limited  diet 
for  a  long  period  without  any  symptoms  of  dietary  deficiency  disease. 
The  falling  hemoglobin,  red  cell  count  and  weight  curves,  however, 
may  indicate  an  impending  dietary  deficiency  complex  which  did  not 
develop  because  of  the  change  to  a  liberal  mixed  diet. 

The  Blaud's  pills  were  given  daily  and  crushed  before  administra- 
tion by  mouth.  Sufficient  bread  and  skim  milk  were  given  to  main- 
tain the  body  weight  constant  until  the  last  2  weeks.  During  the  first 
8  weeks  the  red  cell  hematocrit  is  stationary  but  the  hemoglobin  rises 
slowly.    During  this  period  the  red  count  rises  slowly  and  uniformly 
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Blood  regeneralion — bread,  milk  and  Btaud's  pills. 
female,  young  adult 


Dog  le-ieo.     Bull  mongrel. 
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Diet:  Bread  and  milk 

2^3 

Bled  244  cc. 

2/14 

Bled  244  cc. 

2/15 

267  1  580  1  423  1  157 

. 

40  1  0-77|  3,0 

6,8|7,40|    80 
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0.53 

7,6 

12,^ 

7.4( 

104 

5/18 

624 

762 

457 

305 

40 

82 

0,55 

7,4 

9,' 

7,2( 

106 
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819 

467 

352 

43 

84 

0,57 

7,3 

o,t 

7,0C 

117 

6/1 

716 

721 

418 

3U3 

42 

99 

0.5! 

8.4 

6.f 

6,8( 

106 

6/8 

830 

847 

491 

355 

42 

98 

O.ft 

7.6 

5,^ 

7,(X 

121 

6/15 

\m 

K3;i 

500 

;i:i:t 

40 

100 

0,i» 

7.6 

5.J 

6,5( 

127 

6/27 

70H 

839 

520 

319 

38 

84 

0,B2 

fi,S 

I0,( 

6.5( 

129 

7/11 

477 

597 

394 

203 

34 

80 

0,67 

6,0 

7,( 

6.2( 

90 

7/16 

456 

570 

393 

177 

31 

80 

0,74 

5.4 

6,2 

5-90 

97 

*  Marked  fragmentation  of  red  blood  cells. 

Blood  Tolume  with  dry  oxalate.    Hemoglobin  by  Sabli  tubes. 

Experimental  history,  see  table  18-b. 
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&nd  continues  this  rise  to  a  figure  even  above  normal.  It  is  noted, 
however,  that  there  was  marked  fragmentation  of  the  red  celts  and  we 
can  scarcely  account  for  this  great  increase  in  red  cells  (2,500,000  to 
8,400,000)  -with  the  red  cell  hematocrit  showing  only  a  rise  from  27 
per  cent  to  42  per  cent,  except  on  the  ground  of  red  cell  fragmentation 
or  abortive  red  cell  construction.    The  hemoglobin  does  not  keep  pace 


Blood 

regeneration— bread,  milk  and  Blaud's 

piU, 

Dot 

l7-m.     Bvil  mongrel. 

/emofe,  young  advll 

^ 

1 

3 

i 
5 

1 

E 

1 

i 

\ 

\ 

a 

1 

i 

•i 

■ 
It 

I 

a 

■nuui 

«. 

«. 

«. 

^ 

v 

ktm. 

«. 

4/24 

1089 

1100 

517 

584 

53 

99 

0.75 

6,6 

15,8 

8.40 

131 

4/24 

Diet:  Bread  kd 

ImJlk 

4/2.1 

Bled  275  cc. 

4/26 

Bled  275  oc. 

4/27 

333|    710|  547 

163 

23  1    47  1  0.87[  2,7 

24,0|  8.20 

87  1 

4/27 

Diet:  Bread,  m 

Ik  an 

d  2  Blaud's  pills  daily 

5ftJ 

458 

683 

492 

191 

28 

67 

0.82 

4,1 

»,4 

8.00 

85 

5/9 

636 

795 

493 

302 

■  38 

80 

0-75 

5,3 

9.1 

8.0C 

99 

5/16 

Sd( 

lOOi 

533 

473 

47 

85 

0,7* 

5,6 

6,f 

8.0( 

102 

5/23 

low 

103! 

561 

478 

46 

97 

0.6! 

7,0 

T.'- 

8,0C 

129 

• 

5/:« 

IMl 

1021 

521 

.WO 

4» 

102 

0.B7 

7,6 

12.'. 

H.2( 

124 

• 

6/6 

1055 

1014 

527 

4S7 

48 

104 

0.65 

8,0 

6,2 

7,90 

128 

* 

*  Frapnentation  of  red  blood  cells. 

N'o  previous  anemia  eitperimenta  on  this  dog. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

with  the  red  count  and  a  fall  in  the  color  index  from  77  per  cent  to  46 
per  cent  is  recorded. 

The  high  water  mark  for  blood  regeneration  is  noted  after  3}  months 
and  the  level  at  this  time  is  far  from  normal.  Subsequently  there  is 
a  loss  in  red  cell  hehiatocrit,  red  count,  hemoglobin  and  pigment  volume. 
We  believe  this  indicated  a  tendency  toward  a  dietary  deficiency  dis- 
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ease  which  would  have  developed  had  the  bread  and  milk  diet  been 
continued.  The  plasma  volume  as  usual  is  constant  throughout  the 
entire  experiment  with  the  exception  of  the  last  2  weeks. 

The  next  experiment  (table  69)  shows  a  fairly  complete  blood  re- 
generation  during  a  period  of  5  weeks  on  a  bread  and  milk  diet  plus 
Blaud's  pills.     It  is  to  be  observed  that  no  previous  anemia  experi- 

TABLE  70 

Bbiod  regetttration~~erackermeal,  lard,  butter,  milk  powder  and  Blaud't  pills. 
Dog  n~t05.    Bull  mongrel,  male,  young  adidl 


■  B 

b 

a 

1 

11 

I 

i 

a 

a 

5 

a 

k 

i 
s 

1 

«. 

314 

1182 

1055 

538 

618 

40 

112 

0.70 

8,0 

10, 

» 

84 

3/4 

Diet:  27S  grams  cracfcermesl,  10  gnuns  Ian 

10  grama 

butter 

sm 

Bled  274  cc. 

3/7 

Bled  254  cc. 

3/9 

605|    840{  605  1  235  1    2S  |    72  {  0.82{  4,4 

30,4|l2.1  1    6»  1  'Anis. 

3/9 

Diet:  142  grams  crockermeal,  10  grcuna  Urd 
milk  powder,  2  Blaud's  pills  daily 

10  grams  butter,  279  grama 

3/15 

565 

807 

573 

234 

29 

70 

0.88 

4,0 

27,4 

11.40 

71 

•Anis. 

3/30 

79f 

92f 

022 

306 

Xi 

SB 

0.9; 

4,« 

V- 

11, 2( 

83 

*Ania. 

3/27 

682 

802 

545 

256 

32 

85 

0.7t 

5,4 

19,5 

10  9C 

73 

•AniB.  +  + 

4/3 

98! 

91{ 

597 

323 

35 

107 

0.82 

6,5 

21  ,f 

10. 9C 

84 

•AniB.  +  + 

4/9 

795 

750 

480 

270 

36 

106 

0.79 

6,7 

7,4 

9.60 

78 

•Ani8.++ 

4/9 

Die 

aryd 

Bficien 

cydi 

«ase. 

Rec 

avery 

•  Anisocytoaia  of  red  blood  ceils. 

Refer  to  table  34  for  coDtrol. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

ments  had  been  done  on  this  dog  and  the  capacity  for  blood  regen- 
eration may  be  greater  under  such  circumstances.  The  reaction  is 
not  unusual,  however,  in  view  of  the  liberal  amounts  of  bread'  and 
milk  which  were  sufficient  to  maintain  the  body  we^ht.  It  can- 
not be  granted  that  the  Blaud's  pills  had  any  influence  upon  the  blood 
regeneration. 


hy  Google 


C.  W.  HOOPEB,   r.  8.  BOBSCHEtT  AND  0.  H.  WHIFFLE 


Table  70  is  of  considerable  interest  because  we  are  able  to  refer  to  a 
control  period  (table  34)  on  a  similar  diet  but  without  the  Blaud's  pille. 
If  anything  the  control  period  shows  slightly  more  blood  regeneratioo 
during  the  first  5  weeks.  The  control  experiment  was  of  much  longer 
duration  (12  weeks)  without  dietary  deficiency  disease  symptoms. 
'  This  may  be  due  to  the  fact  that  this  control  'experiment  (table  34) 

TABLE  71 
Blood  regeneration — craekermeal,    lard,   butter   and   Blattd't   jrilU.     Dog   17-1S7. 


Coach  mongrel,  female 

young  adult 

s 
s 

1 

ii 

el 

! 

3 

o 
m 
m 

■ 
li  ' 

s 

1 

1 

■i 

« 

! 

3 

1 

.™.™ 

«. 

«. 

«. 

!Z 

IZ 

km. 

3/4 

1081 

976 

537 

439 

45 

m 

0.82 

6,8 

8,4 

•  .80 

99 

3/4 

Diet:  199  graou 

crackermeal,  10  grams  lard 

10  grams  butter 

3/n 

Bled  2U  CO. 

3/7 

Bled  234  oc. 

3/9 

614|  818  1  597 

221  1    27  ]    75  1  1.00|  3,7 

10,2]  9.10 

90| 

3/» 

Diet:  201  gram 
pills  daily 

crackermeal,  10  grams  lard 

,  10  grams 

butter.  2  Blaud's 

3/16 

756 

869 

600 

260 

31 

87 

0.09 

4.4 

14,8 

9.00 

97 

3/20 

801 

843 

531 

312 

37 

95 

IOC 

4,7 

11,^ 

8. St 

99 

3/27 

S4f: 

848 

517 

331 

39 

too 

OM 

6.6 

8.2 

8.4C 

101 

4/3 

m 

8fl6 

519 

346 

40 

1U9 

O.Si 

6.2 

18,fc 

8.3( 

1U4 

4/9 

984 

878 

536 

342 

39 

112 

0,85 

6,6 

11.4 

8.30 

106 

•  Slight  anisocytosis  of  ted  blood  cells. 

Experimental  history,  see  table  66-b. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahit  tubes. 

on  crackermeal,  lard  and  butter  was  the  first  anemia  experiment  done 
on  this  animal. 

The  control  without  Blaud's  pilb  and  this  experiment  (table  70) 
with  Blaud's  pills  show  practically  identical  anemia  figures  for  red  cell 
hematocrit  and  hemoglobin.  The  amount  of  red  cell  and  hemoglobin 
regeneration  is  practically  identical  in  the  5  weeks  in  the  two  experi- 
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ments.  This  again  gives  evidence  that  Blaud's  pills  aro  inert  under 
these  controlled  conditions  of  experimental  anemia  and  regeneration. 
Table  71  shows  a,  little  more  blood  regeneration  than  usual  but  not 
enot^h  to  be  able  to  attribute  any  of  the  reaction  to  the  Blaud's  pills. 
The  red  cell  hematocrit  reads  39  per  cent  at  the  end  of  1  month  and 
this  is  not  a  normal  figure.    The  hemoglobin  was  low  to  start  with 

TABLE  « 

Blood  refotteratioTt—bread,  milk  and  Blavd's  pillt — tpUneeUmtg.    Dog  17-14^. 

Coach  mongrel,  female,  age  4  to  B  month* 
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ii 

i 
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\ 
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i 
m 

^ 

1 

I 

I 

«. 

a. 

«. 

p*r  rtnl 

ptrmt 

kern. 

«, 

il24 

842 

772 

386 

386 

50 

109 

0.91 

6.0 

18,8 

8.00 

96 

4/24 

Diet:  Bread 

and  milk 

4BB 

Bled  193  cc. 

4B6 

Bled  193  oc. 

4rn 

323| 

tm 

Diet:  Bread 

milk  and  3  Blaud' 

pills  daily 

5/2 

390 

600 

390 

210 

35 

65 

0.90 

3.6 

18.4 

7.80 

76 

5/B 

760 

835 

451 

384 

46 

91 

0.83 

5,5 

13.6 

7.90 

106 

5(16 

837 

790 

411 

379 

48 

106 

0,80 

6.6 

7.2 

7.70 

103 

5/23 

997 

906 

453 

453 

50 

110 

0.75 

7,3 

6,4 

7.70 

117 

5/30 

«90 

832 

41B 

416 

50 

107 

0.70 

7.7 

11,4 

8.00 

104 

6/6 

950 

863 

440 

423 

49 

110 

0.73 

7.5 

11,6 

7,70 

112 

No  previous  anemia  experiments  on  this  dog. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

and  returns  to  this  level  in  4  weeks.  The  type  reaction  of  this  dog  is 
well  established  by  the  list  of  other  anemia  experiments  given  in  table 
66-b. 

Table  72  shows  a  reaction  to  the  first  anemia  experiment  which  has 
been  noted  in  other  experiments.  It  is  not  the  rule  but  is  frequent 
enough  so  that  we  must  always  be  on  our  guard  in  discussiDg  the  first 
anemia  experiment  on  any  given  dog.     There  may  be  this  remarkable 
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reserve  which  enables  the  dog  to  give  an  unusual  blood  regeneration 
even  on  a  most  unfavorable  diet.  The  blood  regeneration  is  complete 
in  3  to  4  weeks  and  thereafter  is  maintained  for  the  next  3  weeks  at 

TABLE  7i 

Blood  reftneration— bread,   mitk  and  Blaud'a   pilU — tpUneelomy.    Dog  17-37. 
Bull  mongrel,  fenude,  young  adult 
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'J" 
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pi 

1 
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a 
\ 
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«. 
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«. 
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3/36 
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391 

46 
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0.80 

6.S 

9.4 

10.60 

80 

3/29 

Bled  212  cc.  and  212  cc.  (refer  to  table  8) 

4/23 

Diet:  Bread  aod  milk  following  fasting  experiment  of  3  weeks'  duration 

4/23 

540 

772 

502 

270 

35 

70 

0.66 

6.3 

7.8 

6.90 

112 

4/3(1 

57S 

802 

521 

281 

35 

72 

0.67 

5.4 

ll.t 

8.2t 

98 

S/7 

566 

808 

517 

291 

36 

70 

0.71 

4.S) 

7.1 

8.4( 

06 

5/14 

662 

808 

517 

291 

36 

82 

0.6f 

B.0 

8.! 

8.4( 

06 

• 

hm 

656 

830 

531 

29U 

36 

79 

QM 

5.7 

5,i 

8.9t 

93 

:,m 

566 

833 

663 

283 

34 

68 

U.K 

5.0 

7.1 

8.3( 

100 

fi/4 

524 

759 

530 

228 

30 

69 

0-7i 

4,7 

5.2 

8,fl( 

88 

6/11 

528 

754 

529 

226 

30 

70 

0,78 

4.5 

14.6 

8,60 

88 

6/11 

Diet:  Bread,  milk  and  2  Blaud'a  pills  daily 

fi/IR 

631 

809 

617 

291 

36 

78 

0.62 

n.» 

fi.4 

8,40 

96 

e/Ai 

514 

858 

626 

231 

27 

60 

0.71 

3.8 

53.( 

8,3( 

103 

7/2 

439 

708 

517 

191 

27 

62 

0.71 

3.9 

IS.2 

8-4( 

84 

7/9 

637 

790 

521 

288 

34 

«8 

0.7( 

4.6 

13.( 

8,6( 

92 

7/16 

648 

762]  480 

282 

37 

85 

0,77 

5.6 

9,^ 

8.40 

91 

*  Red  cells  arc  small  and  much  fragmented, 

t  Red  cells  are  large  and  fairly  uniform  in  size. 

Experimental  history,  see  table  S-b. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

the  normal  level.  Refer  to  tables  74  and  75  for  meat  diet  controls 
with  no  previous  bleeding.  The  fact  that  the  dog  was  very  young  (4 
to  5  months)  and  was  without  a  spleen  is  thought  to  be  without  in- 
fluence on  this  general  reaction  noted  in  other  dogs  (adult  and  non- 
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spleaectomized).  We  have  no  reason  to  suspect  that  the  Blaud's  pills 
were  coDcemed  in  this  reaction  which  has  been  noted  in  control  experi- 
ments on  the  same  diet  without  the  Blaud's  pills. 

The  second  splenectomy  experiment  (table  73)  shows  a  negative 
reaction  with  bread  and  milk  alone  as  well  as  with  bread  and  milk  plus 
Blaud's  pills.    There  are  peculiar  fluctuations  during  certain  weeks 

TABLE  u 
Blaud's  jrilli.    Dog  1T-!61.    Bull  moTigrel,  male, 
young  adult 


Blood  rtfftntralion—meal  and 


■  a 

^ 

3 

til 

pi 

S 

I 

t 
3 
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«. 

«. 

4/24 

1352 

1206 

567 

640 

5.3 

112 

0.71 

7,9 

13.4 

9.50 

127 

4/24 

Diet:  Bread 

and  milk 

4/25 

Bled  301  cc. 

4/26 

Bled  301  cc. 

4/27 

382  1    780 

600  1    187 

24 

49  1  0.79 

3,1 

17,6 

9.30|      S4 

4/27 

Diet:  Meat 

and  2  Blaud' 

pills 

iaily 

5/2 

536 

AOO 

543 

204 

33 

67 

0.91 

3,7 

17,8 

9,50 

84 

6/B 

lOW 

1064 

585 

479 

45 

97 

0.90 

6.4 

8.2 

9.5( 

112 

5/16 

1282 

1256 

653 

604 

48 

103 

0.73 

7,0 

11,8 

9.8( 

128 

5/23 

1530 

1377 

647 

730 

53 

111 

0.66 

8,4 

8,8 

9,7( 

142 

5/30 

1571 

1366 

615 

752 

65 

115 

0.65 

8.8 

18.6 

10, 0( 

136 

6/6 

1510 

1314 

501 

419 

55 

115 

0.66 

8.7 

7.2 

9.60 

137 

No  previous  anemia  experiments  on  this  dog. 

Blood  volume  with  dry  oxalate.    Hemoglobin  by  Sahli  tubes. 

in  both  these  periods  and  we  believe  these  ups  and  downs  are  referable 
to  the  splenectomy.  It  is  significant  that  the  hemoglobin  and  red 
cell  hematocrit  changes  are  not  associated  witli  any  constant  change 
in  plasma  volume.  The  red  count  fiuctuates  with  the  pigment  curve 
and  we  must  assume  periodic  constructive  or  destructive  waves  in- 
fluencing the  red  cells  in  the  blood  stream.  From  data  already  published 
(1)   defUing  with  bile  excretion  in  splenectomized  dogs  with  simple 
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aDemi&  we  may  suspect  that  blood  destruction  may  be  in  part  respoD- 
aible  for  these  irregularities  in  tiia  level  of  the  curves  of  pigment  volume, 
red  cell  and  hemoglobin  values.  The  color  index  shows  no  change. 
There  is  a  note  to  the  effect  that  the  red  cells  are  lai^er  and  more  uni- 
form in  size  during  the  period  of  iron  feeding.  A  single  observation 
of  this  nature  is  of  interest  but  does  not  call  for  discussion  at  this  time. 


TABLE  7t 

Blood  Ttgeneratitm — meat   and  Blaud's   pilU — aplentctomy.    Dog   17~ies. 


Buil 


mongrel,  male 

young  adult 
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•■ 

«. 

«. 

tc. 

ptrenU 

FWcnJ 

*ff«. 

tc. 

4IH 
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450 
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51 

100 

0.75 

6.7 

14,4 

9.00 

102 

4/24 

Diet 

Bread 

and  millc 

4/25 

Bled 

229  oc. 

4/26 

Bled 

229  00. 

4/27 

310 

679 

S09  1    170  1    25    {      fiO 

1. 00 

2,5 

17,6  1  8.90 

76 

4/27 

Diet 

Meat 

and  2  Bland's  pills  daUy 

5(2 

S38 

803 

514 

289 

36 

67 

0.90 

3.7 

19,2 

9.00 

89 

5/9 

790 

909 

£09 

400 

44 

87 

0.78 

5,6 

19.6 

8.90 

102 

5/16 

824 

880 

475 

405 

46 

105 

0,78 

6.7 

8,2 

8,90 

98 

5/23 

1140 

1096 

S59 

538 

49 

104 

0,75 

6.9 

12,4 

8,80 

124 

5/JO 

907 

863 

423 

440 

51 

105 

0,63 

8,3 

9,2 

9,00 

96 

6/6 

1080 

1002 

491 

520 

51 

106 

0.65 

8,2 

13,8 

8.60 

117 

No  previous  anemia  experimenta  on  this  dog. 
Experimental  history,  see  table  3S-b. 
.Blood  volume  with  dry  oxalate.    Hemt^lobin  b}'  Sahli  tubeB. 

The  two  meat  feeding  experiments  (tables  74  and  75)  give  the  ex- 
pected reaction  on  this  diet.  The  splenectomy  dog  reacts  the  same  as 
does  the  normal  d(^.  Sufficient  meat  is  given  to  maintain  a  constant 
body  weight.  Both  these  dogs  had  not  been  used  previously  for  anemia 
experiments;  refer  to  table  72  which  illustrates  the  reserve  capacity 
sometimes  exhibited  by  such  dogs.  We  have  no  reason  to  suppose 
that  the  Blaud's  pills  were  in  any  way  concerned  in  this  reaction. 
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HemogUinn  experiments. — Table  76  gives  an  experiment  of  much 
interest  and  we  ue  able  to  submit  the  control  experiment  (table  16). 
This  same  dog  a  few  months  previously  was  made  anemic  and  placed 
upon  a,  sugar  diet.  After  a  period  of  4  weeks  the  level  of  pigment  volume, 
hemoglobin  and  red  cell  hematocrit  was  practically  the  same  as  that 

TABLE  T« 
Blood  Ttgeneratiim — hemoglobin  and  sugar — metabolism.     Dog  17-t8.    BuH  mon- 
grel, female,  young  adult 


1 1 

, 

s 

1 

i 

J 

\ 

f 

a 
1 

s 
i 

^ 

1 

■  ■UAIU 

s 

" 

■ 

n 

li 

► 

«. 

«. 

«. 

>w 

^ 

kern. 

«. 

5/7 

1895 

1709 

769 

940 

55 

111 

0.66 

8,4 

13.2 

12.60 

136 

5/7 

Diet:  Mixed  food  . 

5/8 

Bled  427  cc. 

6/fl 

Bled  427  cc. 

5/11 

5/11 

Diet:  50  gruns  cane 
cells 

ugar, 

25  grama  glucoa 

»,  10  grama  washed  red  blood 

5/U 

S58 

979 

676 

303 

31 

57 

0.75 

3,8 

11.2 

11.50 

85 

5/21 

67( 

1055 

665 

390 

37 

64 

O.70 

4,6 

6,J 

10. 8U 

98 

Sftffl 

8« 

1141 

673 

468 

41 

75 

0.71 

5,3 

9,6 

10.1(1 

113 

6« 

m 

ns; 

603 

534 

47 

7S 

O.Si- 

6,7 

9,6 

9.50 

119 

ft/11 

92C 

I18( 

672 

508 

43 

78 

0.5B 

6.6 

8,( 

8.90 

133 

6/18 

1085 

1277 

664 

612 

48 

85 

0.50 

8,6 

10,0 

8.30 

154 

*  Marked  fragmentation  of  red  cells. 

400  cc.  water  given  by  atomach  tube  daily. 

Experimental  history,  see  table  6-b;  see  table  16  for  control. 

Blood  volume  with  dry  oxalate.     Hemoglobin  by  Sahli  tubes. 

observed  immediately  after  the  bleeding.  The  total  blood  regenera- 
tion then  in  the  control  experiment  was  zero.  There  was  a  trifling 
gain  in  the  red  count. 

Under  identical  conditions  on  a  sugar  diet  plus  10  grama  washed, 
dried  red  blood  cells  we  see  a  very  different  reaction  (table  76).    The 
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TABLE  7«-t 

Total  urinary  nitrogen — htmoglobin  and  lugar.    Dog  l7-t8 


DATt.  1»I7 

TOTAl,  HiraooBtt 

"■'Yo™""" 

WdOBT 

..HAU. 

franu 

«. 

p«i>4< 

5(11 

3.55 

490 

26.4    ' 

0  tecea 

5/12 

3.19 

480 

25.8 

Solid  black  Btool 

5/13 

361 

25,5 

Solid  black  Btool 

5/14 

3.60 

386 

25.3 

0  feces 

6/15 

2.52 

485 

25.0 

Slight  diarrhea 

5/16 

2.58 

338 

24.7 

Solid  feces 

5/17 

2.38 

390 

24,6 

0  feces 

5/18 

2.35 

480 

24.4 

Trace  of  feces 

6/19 

2.30 

403 

24.1 

Slight  diarrheA 

5/20 

2.46 

410 

24.0 

0  feces 

5/21 

2.46 

420 

23.8 

0  feces 

5/22 

2.63 

465 

23.4 

Ofecea 

6/23 

2.41 

383 

23.4 

0  feces 

6/24 

2.94 

400 

23.0 

Diarrhea  -f 

6/25 

2.74 

376 

22.7 

Diarrhea  + 

5/26 

2.66 

412 

22.6 

0  feces 

5/27 

2.62 

395 

22.4 

0  feces 

6/28 

2.35 

424 

22.2 

Ofecea 

5/29 

2,46 

370 

21.9 

0  feces 

5/30 

2.63 

410 

21.8 

0  feces 

5/31 

2.13 

510 

21.6 

0  feces 

6/1 

2.32 

406 

21.4 

0  feces 

6/2 

2.18 

405 

21.4 

0  feces 

6/3 

2.30 

425 

21.1 

0  feces 

6/4 

2.24 

426 

20.8 

6/6 

2.44 

425 

20.8 

Ofecea 

6/6 

3.00 

417 

20.6 

Formed  feces 

6/7 

2.24 

373 

20.2 

Soft  feces 

6/8 

2.46 

410 

20.0 

Solid  feces 

«/9 

2,58 

419 

19.9 

Ofecea 

6/10 

2.60 

425 

10.8 

0  feces 

6/11 

2.63 

407 

19.6 

0  feces 

6/12 

2.83 

406 

19.6 

0  feces 

6/13 

2.83 

376 

19.4 

0  feces 

6/14 

2.88 

490 

19.2 

0  feces 

6/15 

3.00 

480 

18.9 

0  tecef 

6/16 

3.28 

411 

18.6 

Solid  feces 

6/17 

3.42 

395 

18.4 

0  feces 

6/18 

3.03 

400 

18.3 
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initiEhl  anemia  level  in  the  two  experiments  is  practically  identical,  also 
the  body  weight,  normal  initial  blood  pigment,  etc.  The  only  point  in 
which  these  two  experiments  differ  lies  in  the  10  grams  of  red  cells 
added  to  the  sugar  diet.  At  the  end  of  4  weeks  the  control  shows  a 
gain  of  zero  in  pigment  substance  but  the  red  cell  feeding  gives  a  sub- 
stantial gain  of  13  per  cent  hemoglobin,  17  per  cent  red  cell  hematocrit 
and  300  units  p^ment  volume.  There  is  a  gain  of  2,400,000  in  the  red 
cell  count.  The  subsequent  2  weeks  show  a  distinct  gain  over  the  level 
just  noted.  This  is  in  notable  contrast  to  the  expected  reaction  on  a 
sugar  diet. 

The  urinary  nitrc^en  and  fluid  excretion  figures  are  given  (table  76-a) 
and  show  the  expected  values.  Durmg  the  last  week  of  the  experi- 
ment there  is  a  distinct  rise  in  the  nitrogen  output.  We  have  come  to 
look  upon  this  as  an  early  sign  of  intoxication  which  if  not  heeded  may 
be  followed  by  severe  clinical  disturbances  and  death.  This  dog 
promptly  recovered  when  placed  on  a  mixed  diet. 

It  is  to  be  noted  that  whole  red  cells  were  used  in  this  experiment, 
that  is,  hemoglobin  phis  red  cell  stroma.  In  the  following  experiments 
hemoglobin  alone  was  used.  We  might  point  out  the  difference  in 
the  color  index  observed  in  these  two  conditions  but  feel  that  the  data 
are  not  sufficient  to  establish  this  very  interesting  point.  We  are 
gradually  collecting  data  which  indicate  the  conditions  most  favorable 
for  stroma  production  and  these  experiments  will  be  presented  at 
another  time. 

The  next  hemoglobin  experiment  (table  77)  is  not  very  convincing 
as  we  do  not  have  a  suitable  control  of  the  bread  and  milk  factors  in 
this  dog.  Moreover  this  is  the  first  anemia  experiment  on  this  dog 
and  under  such  circumstances  this  reaction  is  often  atypical,  as  has 
been  noted  before.  We  may  say  that  the  blood  regeneration  due  to 
the  bread  and  milk  plus  hemoglobin  might  be  identical  with  a  reaction 
on  bread  and  milk  alone.  We  cannot  point  with  certainty  to  any 
difference  which  can  be  attributed  to  the  hemoglobin.  This  experi- 
ment is  unlike  the  others  of  this  group  which  give  positive  evidence 
that  hemoglobin  does  influence  the  curve  of  blood  regeneration. 
Finally,  we  must  conclude  that  this  experiment  does  not  give  any 
e'vidence  against  the  value  of  hemoglobin  but  it  also  gives  no  positive 
support  to  the  other  experiments. 

Table  78  presents  a  long  experiment  in  which  hemoglobin  is  given 
by  mouth  during  one  period  and  by  intravenous  injection  during  a 
subsequent  period.    We  feel  that  there  is  good  evidence  that  hemo- 
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globin  did  influence  favorably  the  blood  r^eDeratioo.  The  aoemia 
level  produced  by  three  bleedings  was  slightly  below  the  average.  The 
first  period  of  sugar  feedii^  plus  10  grains  of  hemoglobin  by  mouth 
shows  a  notable  gain  during  3  weeks.  The  hemoglobin  rises  50  per 
cent  and  the  pigment  volume  from  433  to  810.    There  is  a  correspond- 


Bhod 

Ttgeneralion- 

-ptmUred   hemogMnn   ano 

bread  and 

mil*. 

Doff 

s-m. 

Terrier  mongrel,  female,  younn  adult 

s 

^^1 

HI 

2 

t 

1 

I 

1 

d 

, 

3 

«. 

«. 

«. 

ptrent 

p^«nt 

tgm. 

«. 

5/16 

515 

273 

234 

45.5 

5-80 

89 

5«6 

Diet:  Bread  and  milk 

6/27 

6/28 

Bled  137  cc. 

8/28 

Bled  137  cc. 

No  distreBS 

6/29 

Diet:  125  grains  bread  (ground  and  dried},  300  cc.  milk,  5  grame  hemo- 

globin* 

5/31 

207 

398 

308 

87 

21.8 

52 

0.59 

4,4 

12,8 

5.70 

70 

fi/5 

:i7n 

4K] 

348 

129 

26. « 

77 

0.80 

4,8 

11,2 

6.75 

84 

6/U 

37« 

522 

357 

160 

306 

72 

O.fll 

5,9 

8.6 

6,35 

98 

6/21 

421 

613 

325 

183 

35.7 

82 

0.80 

6.8 

7.8 

5.20 

90 

6/26 

342 

417 

260 

146 

34-7 

82 

0.66 

6.2 

7,2 

6.25 

79 

*  Hemoglobin:  Defibrinated  blood  centrifuged.  cells  washed  twice  with  N/1 
salt  solution.  2  volumes  distilled  water  added,  allowed  to  lake  over  night,  centrif- 
ugalized,  stroma  removed,  hemoglobin  dried  and  powdered. 

No  previous  aoemia  eKperiments  on  this  dog. 

ing  rise  in  the  red  cell  hematocrit  and  red  cell  count.  On  sugar  alone 
we  recall  that  the  gain  in  these  pigment  factors  is  only  trifling,  perhaps 
10  per  cent  in  hemoglobin  and  corresponding  amounts  in  the  other 
readings.  We  must  hold  the  hemoglobin  responsible  at  least  for  a 
part  of  this  favorable  reaction. 
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TABLE  78 

Blood  regeneration — sugar  and  hemoglobin — erackermeal,  milk  and  hemogliAin. 
Dog  17-157.    Coach  mongrel,  female,  j/omtg  adult 


I 

. 

I 

i 

d 

[J 

BIHABU 

m 

ji 

1 

i 

1 

«.       «.       «, 

P" 

p*' 

Ivm. 

«. 

8/28 

1366    1027   518     504 

49.0 

133 

1.00 

6.7 

14,4 

10.10 

102 

•Slight 

8/38 

Diet;  Crackenneal  and  milk 

8/2B 

Bled  257  cc. 

8/30 

Bled  257  cc. 

8/31 

565[    777|  560  |  215  |  27. 6|    73  |         | 

1  9.651    81  1 

8/31 

Bled  194  cc. 

sugar,  25    grams  dextrose 

9)3 

433|    731 1  M" 

B/IO 

Diet:  75  grams 

10    grams   hemoglobint  by 

stomach  tube 

9/10 

H» 

590 

9116 

raoLe 

593 

9/25 

810|    788 

492 

9/25 

Diet:  100  gramf 

sugar,  30  cc.  he 

noglobin  in 

t  ravenously  t 

9/30 

625|    742|  463 

.|6,0 

6,2)  6.95|  106  1  •Poik.+ 

9/30 

Diet:  200 grams 

erackermeal,  500  cc.  milk,  and  hemoglobin  intravenously! 

lOrtl 

662 

752  465 

280  1  37.2 

88 

0.76 

Ji,8 

I3,B 

7.55!  100 

10/16 

805 

830  502 

322  1  38.8 

97 

0.73 

6,3 

12,8 

7.55|  110 

•  Slight 

10/16 

Diet:  200  grama  erackermeal,  50C 

cc.  milk 

10/23 

722[    902|  570  [  322  |  35-8|    80 

•  PoikilocytOHis  of  red  blood  cells. 

t  Blood  centrifugalized,  washed  once  with  Halt  solution;  2  volumes  of  dis- 
tilled water  added  to  washed,  packed  red  blood  cells.  Allowed  to  stand  24 
hours.    Centrifugalized  and  stroma  removed.    Dried  and  powdered. 

X  For  injection  into  the  vein:  With  aseptic  technique  blood  is  centrifugal! zed, 
washed  once  with  salt  solution;  20  cc.  distilled  water  added  to  10  cc.  washed, 
packed  red  blood  cells.  Allowed  to  stand  4  hours,  added  2.5  cc.  of  10  percent  salt 
solution.  Centrifugalized  and  stroma  removed.  Total  amount  injected  intra- 
venously daily. 

Experimental  history,  see  table  66~b. 
277 
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When  the  si^ar  diet  is  continued  but  the  hemoglobin  is  given  in- 
travenously, we  note  a  fall  in  hemoglobin  and  pigment  volume  but  no 
change  in  the  red  cell  hematocrit,  red  cell  count  and  plasma  volume. 
We  have  no  good  explanation  to  fit  these  observed  facts. 


Blood  regeneratio 


—htmogMiin  injection  inlravenoutly.    Dog  17-17.    Bull  mon- 
grel,  female,  young  adult 


■  a 

J. 

n 

s 

ill 

j 

1 

i 

2 

> 

! 

a 

1 

li 

i 

1 

I 

k  ■!!*>» 

«. 

«. 

«. 

pn 

ptr 

ktm. 

«. 

8W 

1914 

1434 

718 

727 

50.0 

133 

0.75 

8,7 

12,0 

16.15 

90 

8» 

Diet:  Bread  and  milk 

tin 

Bled  364  ec.    No  distreBS 

8/13 

Bled  364  cc.    No  diatresa 

8/15 

749|  1040|  733  1  297  1  28.6 

72|         1 

|15.S5 

67 

8/16 

Bled  260  cc. 

8/17 

817{  1034|  718  I  311  |  30.1 

79  1  0.95|  4,1 

24,6|l5.45 

67 

•  Poik.  +  + 

8/17 

Diet:  Hemoglobin  injectio 

n    intravenously  ;t  75  grams  sugar,  25  grams 

dextrose,  200  cc.  water  daily  by  stomach  tube 

8/23 

908 

1080  710 

370     34.3 

84  1  0.76 

5,5 

14,8 

14.55 

74 

8/30 

Ild& 

1100  647 

442     40.2 

105  1  0.75 

7,0 

5,6 

13.75 

80 

•  Polk.++ 

9/2 

Ace 

denta 

deat 

h 

*  Poikilocytosis  of  red  blood  cells. 

t  Hemoglobin:  Blood  drawn  from  normal  dog  with  aseptic  precautions.  Cen- 
trifugalized,  washed  once  with  salt  solution;  20  cc.  distilled  water  added  to  10 
cc.  washed,  packed  red  blood  cells.  Allowed  to  stand  4  hours,  added  2.6  ce.  of 
10  per  cent  salt  solution.  Cent rifu gal i zed  and  stroma  removed.  Total  amount 
injected  intravenously  daily. 

Experimental  history,  see  table  15-b;  see  sugar  control,  table  15. 

The  2  weeks  followii^  on  a  crackermeal  and  milk  diet  plus  hemo- 
globin intravenously  show  a  slight  gain  in  pigment  substance.  Even 
this  slight  gain  may  have  some  significance  when  we  recall  that  it 
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occurred  following  a  long  period  of  limited  diet  intake.  Hemoglobin 
r^eneration  under  such  unfavorable  circumstances  is  very  difBcult  and 
becomes  increasingly  difficult  as  the  limited  diet  periods  are  extended. 

Table  79  gives  an  experiment  which  was  unfortunately  terminated 
at  the  end  of  2  weeks  by  an  accident.  We  are  able  to  refer  to  a  con- 
trol reaction  on  sugar  feeding  alone  Stable  15).  This  table  shows  a 
slight  gain  in  hemoglobin,  red  cell  hematocrit  and  pigment  volume 
during  the  first  week  on  the  sugar  diet.  The  second  week  shows  no 
gain.  Compare  with  this  reaction  the  figures  in  table  79  which  show  a 
gain  in  the  first  week  which  may  be  compared  with  the  control  but  the 
second  week  intead  of  the  stationary  level  in  the  control  shows  a  dis- 
tinct gain  in  red  cells,  pigment  volume,  hemoglobin,  etc.  We  feel 
that  a  part  of  this  gain  is  to  be  explained  by  the  hemoglobin  injections. 

Table  SO  illustrates  another  type  of  experiment  in  which  the  hemo- 
globin injections  are  given  under  conditions  very  unfavorable  for  blood 
regeneration.  There  is  a  3-week  period  of  sugar  feeding  during  which 
time  there  is  zero  gain  in  pigment  substance.  There  is  a  slight  but 
distinct  gain  following  5  days  of  hemoglobin  injection  and  further  slight  > 
gains  on  a  crackermeal  and  mitk  diet  nith  daily  hemoglobin  injections. 
Some  of  the  subsequent  gains  in  hemoglobin,  red  cell  hematocrit  and 
red  cells  may  be  due  in  part  to  the  hemoglobin  injections  which  in  all 
probability  cannot  be  at  once  utilized.  The  crackermeal  and  milk 
alone  or  with  yeast  can  account  for  very  little  blood  regeneration  when 
given  subsequent  to  a  long  period  of  sugar  feeding.  The  evidenccfor 
the  favorable  inSuence  of  hemoglobin  injections  is  not  as  strong  as  in 
some  of  the  other  experiments  which  have  the  complete  control  periods. 

The  last  hemoglobin  experiment  {table  81)  is  to  be  compM^d  with 
table  76.  The  hemoglobin  in  this  instance  is  given  intraperitoneally 
so  that  the  absorption  m%ht  be  rapid  and  the  elimination  of  slight 
amounts  through  the  urine  be  obviated.  The  infiucnce  of  a  different 
set  of  phagocytic  cells  might  well  be  a  factor  but  the  gross  results  are 
much  the  same  as  regards  blood  regeneration. 

Three  weeks  of  sugar  feeding  plus  hemoglobin  injection  give  an 
amount  of  blood  regeneration  which  cannot  be  explained  as  due  to  the 
sugar  feeding.  We  note  a  rise  of  hemoglobin  from  72  to  120  per  cent 
and  red  cell  hematocrit  from  27  to  45  per  cent.  The  control  sugardiet 
figures  would  show  only  trifling  gains.  Subsequent  weeks  on  a  cracker- 
meal and  milk  diet  do  not  show  much  gain  except  in  the  red  count. 
The  final  period  of  mixed  diet  as  usual  brings  the  dog  back  to  a  h^h 
normal  figure. 
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TABLE  M 

■d  regeneration— hemoglobin  intravenomly.    Dog  IS-ISO.    Bull  mongrel,  female, 
young  adult 


i 

1 

1 

j 

! 

a 

S 

s 

I 

d 

* 

1 

^^ 

8(28 

1835 

1103 

456 

654 

58.2 

Mflt 

166 

1.10 

7,6 

9,6 

kern. 

10.16 

109 

8B8 

Diet:  Bread  and  milk 

8/29 
8/30 

Bled  276  cc. 
Bled  276  cc. 

9/1 

648J    77l|  524  1  243  1  31.5|    S4  { 

1  9.65 

H- 

9/1 

Bled  193  cc. 

9/3 

44S|    696]  513  |  177  |  25. 5|    64  |  0.80 

4.0 

15,4|  9.60 

73|'Poik.+  + 

9/3- 
9/26 

Diet:  75  grams  cane  sugar,  25  gramH  dextraae,  200  cc. 
tube  (table  18) 

tvater  by  atomaeh 

9/25 

429|    664]  474  |  182  |  27. 4[    64  |  0.61 

5,2 

9,6|  7.36 

90  1*  Poik.++ 

9/26 

tube 

.,  ftOll 

fi/30 

437|    618|  421  1  194  1  31. 4|    71  [  0.68 

5,2 

12,4[  7. 15 

86  1'  Poik.+-t-t 

9/3. 

500  cc.  milk 

cc. 

and  200  grams  crackermeal, 

10/11 
10/16 

506 
586 

712 
740 

477 
495 

227 
237 

31. 9[    71 
32  0|    79 

0.58 
0.65 

6,1 
6,1 

11,0 
5,0 

7.75 

7.80 

92 
95 

•  Poik.++ 
•Poik.++t 

10/16 

Diet:  Hemoglobin  injection  discontin 
milk 

led;  200  grams  crackenneal,  600  cc. 

10/23 

e70|    826J  536  1  281  1  34. o|    81  |  0.65 

6,2 

8,4[  8.05 

103  1'  Poik.++t 

10/23 

Diet:  1  gram  dried  brewer's  yeast,  2O0 

grams  crackeim 

BftI,  600  cc.  milk. 

10/30 
11/6 
11/12 

590 
720 

784 

S 

536 
547 
532 

264 
317 
342 

32.7 
36.5 
38-7 

73 
89 

0.47 
0.66 
0.60 

7,7 
6,3 
8,9 

15,2 
8,6 
7,2 

8.30 
8.20 
8.26 

97 
106 
107 

•  Poik.++t 

•  Poik.+ 

•  Poik.+ 

11/13 

Diet:  MiMd  diet 

11/22 
11/29 

~ 

■- 

503 
547 

341 
463 

40.0 
45.4 

85 
110 

0.42 
0.69 

10,2 
8,0 

13,6 
19,0 

8.80 
9.26 

97 
106 

•Poik.+ 

EiEcelleot 
condition 

*  Foikilocytosia  of  red  blood  cells. 

t  Shadow  cells. 

t  Hemoglobin:  Blood  taken  with  aseptic  precautions,  centrifugalised,  washed 
once  with  salt  solution;  20  cc.  of  distilled  water  added  to  10  cc.  washed,  packed 
red  blood  cells.  Allowed  to  stand  4  hours,  added  2.5  cc.  of  10  per  cent  salt  solu- 
tion. Centrifugalized  and  stroma  removed.  Total  amount  injected  i 
nnuflly  daily. 

Experimental  history,  set  table  18-b. 


L,  Google 


TABLE  SI 

Blood  Ttgeneralion — hemoglobin  inlraperilonetdly.    Dog  17^18.    Bull  mongrel, 
female,  young  adult 


i 

1 

ii 
pi 

1 

} 

1 

•i 

I 

i 

.-..„ 

«. 

«. 

«. 

Z. 

SI. 

tern 

ee. 

8/9 

2417 

1580 

680 

887 

66.1 

153 

0.84 

9,1 

14,2 

17.00 

93 

8/9 

Diet:  Breid  and  nulk 

8/12 

Bled  395  cc.    No  diatress 

8/13 

Bied  see  cc.    Diet:  Craickermeal  and  milk 

8/15 

1015]  1142]  750  1  387  1  33. 8|    89  |          | 

|l6.30 

"1 

S/15 

Bled  286  cc. 

8/17 

756[  1050|  758  I  281  1  26. 8|    72  |  0.97J    3,7 

23,6|l5.90 

66  1  *  Poik.+ 

8/19 

Hemoglobiat    (iDtraperitooeal    injectioa). 
KTsma  dextrose,  water 

Diet;  75 

grams   sugar,    26 

S/23 

794 

1030 

708 

310 

30.1 

77 

0.69 

6,6 

21,4 

15.40 

67     •  Poik. 

8/30 

1133 

U93 

686 

430 

36.0 

95 

0.76 

6,2 

12,6 

14.65 

82     •Poik.+ 

9/4 

Hemoglobint  (intraperitoneal  injection).  Diet:  100   grama  sugar  id  600 

cc.  water 

9/6 

1«70|  1385]  755  I  608  1  45.o|  120  |  0.83{     7,2 

ll,0|l3.40 

103  1  •  Poik.++ 

ff/fi 

Hemoglobin  discontinued.    Diet:  200   gran 

IB  crackermeal,  500  cc.  milk 

kaolia 

9/13 

1550 

1460 

876 

566 

39.2 

107 

0.68 

7,9 

9,8 

14.00 

103 

9/H 

143£ 

13U 

762 

545 

41. e 

109 

0.71 

7.7 

12,2 

13. 9C 

94 

•  Poik. 

9/27 

125: 

113( 

668 

468 

41.4 

111 

0.71 

7.( 

10,( 

14. S 

79 

•  Poik. 

10/9 

1635 

1365 

668 

682 

50.5 

lao 

0.77 

7,( 

12,2 

I4.2( 

96 

10 /If 

tm 

138f 

680 

604 

60.C 

132 

O.M 

10.] 

9,( 

14.46 

96 

10/25 

1530 

1352 

704 

636 

47.0 

115 

0.64 

9,0 

10,8 

14.60 

93 

10/25 

Diet:  200gram8cnu:kermeat,  500  cc.  milk,  1 

ram  dried. 

powdered  brewer's 

10/31 

1415]  1400|  750  1  638  1  45. 4|  101  |  O.SSJ     7,8 

II.SJ  15.00 

»| 

10/31 

Diet:  Mixed  diet 

11/7 

1975 

1556 

710 

829 

53.3 

127 

0.74 

8,6 

10,8 

15.10 

103 

11/13 

2000 

1600 

743 

840 

52.6 

126 

0.63 

9,9 

20,2 

15.05 

106 

*  Poikilocytoeis  of  red  blood  cells. 

t  Hemoglobin:  10  cc.  sterile,  washed,  packed  red  blood  cells  and  20  cc.  di 

tilled  water.    Centrifugalised  and  stroma  removed.    Intraperitoneal  injectio: 

Esperimental  history,  see  table  6-b;  see  table  76  for  bemoglobin  feeding. 
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SUUUABY 

Blaud's  pills  are  inert  when  added  to  various  diets  which  do  or  do 
not  favor  rapid  blood  regeneration.  We  may  not  assume  without  posi- 
tive  proof  that  iuoi^anic  iron  is  of  value  in  the  treatment  of  secondary 
anemia. 

Splenectomy  may  or  may  not  modify  this  blood  regeneration  reaction. 
Limited  diets  following  anemia  periods  associated  with  splenectomy 
may  be  the  cause  of  fluctuations  in  the  normal  expected  curve  of  blood 
regeneration. 

Hemoglobin  (by  mouth,  intravenously  or  intraperitoneally)  exerts 
a  distinctly  favorable  influence  upon  subsequent  blood  regeneration. 

BIBLIOGRAPHY 
(1)  HoOPEK  AND  Wbifplb:    This  Journal,  1917,  xliii,  275. 
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PHYSIOLOGIC  CHANGES  PRODUCED  BY  VARIATIONS  IN 
LUNG  DISTENTION 

III.  Impaibhent  of  the  Cobonabt  Cibcui^tion  of  the  Right 
Ventricle 

RALPH  HOPKINS  and  FELIX  P.  CHILLINGWOHTH 

From  1A«  Phytiologieal  Laboratory,  TuUmie  UnivertUy  of  LomrioMo,  Heia  Orleani 

Received  for  publication  June  1,  1920 

In  a  previous  commuDication  a  method  was  described  by  which  the 
maximum  blood  pressure  obtainable  in  the  pulmonary  arteries  could  be 
measured  by  the  increase  in  intrapulmonic  air  pressure  sufficient  to 
prevent  the  passage  of  blood  through  the  capillaries  of  the  lungs  (1). 
The  mechanical  blocking  of  the  pulmonary  circulation  produced  under 
these  conditions  was  found  to  cause  a  maximum  pulmonary  arterial 
pressure  of  85  mm.  of  mercury  and  a  coincident  complete  disappear- 
ance of  carotid  pressure.  In  the  present  communication  we  record 
the  results  of  some  experiments  to  determine  the  critical  point  during 
prc^ressive  increase  of  intrapulmonic  air  pressure  at  which  circulation 
of  blood  through  the  coronary  arteries  of  the  right  ventricle  becomes 
impossible  because  of  the  maintenance  of  a  level  of  blood  pressure  in 
the  pulmonary  arterial  and  right  cardiac  ByHtems  equal  to  or  higher 
than  that  of  the  general  systemic  circulation.  Distention  of  the  lungs 
to  or  beyond  this  critical  point  is  almost  immediately  fatal  and  over- 
distentioQ  even  when  not  attaining  this  critical  degree  also  interferes 
with  adequate  oxygenation  and  nutrition  <rf  the  heart.  The  necessity 
for  a  balance  in  favor  of  the  diastolic  systemic  pressure  over  the  dias- 
tolic right  ventricular  pressure  has  a  bearing  on  artificial  respiration 
effected  by  increase  in  the  intrapulmonic  air  pressure.  Loss  of  this 
balance  through  over-distention  of  the  lungs  may  defeat  the  purpose 
for  which  artificial  respiration  is  given  by  causing  asphyxiation  of  the 
heart  muscle  even  while  the  lungs  are  being  over-ventUated.  This 
observation  is  especially  pertinent  in  the  conditions  in  which,  as  is 
usually  the  case  when  artificial  respiration  is  resorted  to,  the  systemic 
arterial  pressure  is  low  and  but  little  further  fall  is  sufficient  to  reduce 
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it  below  the  level  of  pressure  in  the  pulmonary  arteries  because  the 
latter  rises  during  great  distention  of  the  lungs  while  the  systemic 
arterial  pressure  falls. 

Ad  endeavor  is  also  made  to  show  that  even  with  the  lungs  distended 
in  lesser  degree  than  the  critical  point  referred  to,  death  may  result 
owing  to  impairment  of  the  coronary  circulation  of  the  right  ventricle. 


The  method  employed  to  increase  the  pressure  of  the  intrapulmonic 
air  has  been  described  Id  a  previous  communication  (2).  The  use  of 
the  plethysmograph  referred  to  facilitates  the  attainment  of  the  degrees 
of  pressiuv  desired  and  obviates  difficulties  that  would  arise  from 
forced  expiratory  efforts  of  the  animals  if  the  usual  methods  of  intra- 
tracheal insufflation  were  employed.  By  placing  the  entire  animal 
within  the  plethysmograph  and  connecting  his  trachea  to  the  outside 
air,  diminution  of  the  pressure  within  the  plethysmograph  produces  the 
same  effects  on  the  animal's  relation  to  the  air  within  his  lungs  as  would 
result  from  an  equal  increase  in  the  intrapulmonic  air  pressure  while 
the  exterior  of  the  animal  remained  under  atmopheric  pressure.  The 
decrease,  therefore,  in  plethysmographic  pressures  is  an  exact  measure 
of  the  actual  increase  of  intrapulmonic  air  pressures  and  in  referring  to 
the  effects  of  these  pressures  the  terms  are  regarded  as  interchangeable. 

A  correction  must  be  made  in  measuring  blood  pressures  which  are 
recorded  during  diminished  plethysmographic  pressures.  To  the  blood 
pressures  recorded  in  milhmeters  of  mercury  should  be  added  the 
difference,  in  millimeters  of  mercury,  existing  between  the  atmospheric 
pressure  and  the  pressure  within  the  plethysmograph.  The  necessity 
for  this  correction  is  made  obvious  by  the  fact  that  with  diminished 
plethysmographic  pressures  the  carotid  pressure  may  fall  considerably 
below  its  zero  line. 

For  recording  blood  pressures  and  the  pressure  within  the  plethysmo- 
graph mercury  manometers  were  used  and  the  readings  in  millimeters 
of  mercury  on  the  unreduced  tracings  have  been  multiplied  by  2  when 
used  in  the  subsequent  paragraphs. 

To  record  the  pulmonary  arterial  pressure  a  branch  of  the  left  pul- 
monary artery  was  used  and  artificial  respiration  by  intratracheal 
insufBation  was  performed  after  opening  the  chest  and  continued 
until  the  animal  was  placed  in  the  plethysmograph.    In  the  .interviUs 
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between  experiments,  artificial  respiration  was  maintained  by  rhyth- 
mical changes  in  the  pleth>-smographic  pressure. 

Recovery  after  distention  of  the  lungs  is  rapid  and  many  experiments 
may  be  performed  on  one  animal  but  the  time  factor  as  rcfiiards  the 
duration  of  lung  distention  is  of  importance.  In  obtaining  the  results 
recorded  in  subsequent  paragraphs  no  experiment  exceeded  one  minute 
in  duration. 

RESTTLTS    OF   BXPERIMEXTS 

Four  typical  tracings  are  reproduced  taken  from  a  series  of  25  experi- 
ments performed  on  10  dogs,  and  a  curve  is  plotted  to  show  the  effect 
of  lung  distention  on  the  carotid  and  pulmonary  arterial  pressures. 
The  tracings  and  the  plot  are  first  described  and  the  results  on  the 
coronary  circulation  are  subsequently  discussed. 

Figure  I.  Synchronous  records  of  the  carotid  and  pulmonary 
arterial  pressures  are  reproduced.  The  pressure  within  the  plethys- 
mc^raph  is  also  shown.  Air  was  exhausted  from  the  plethysmograpb 
during  a  period  of  one  minute  effecting  a  gradual  fall  in  the  intra- 
plethysmographic  pressure  to  83  mm,  of  mercury  below  the  atmo- 
spheric pressure.  On  the  unreduced  tracing  from  which  this  figure  is 
reproduced  the  maximum  fall  in  carotid  pressure  was  equal  to  212  mm. 
of  mercury  (actually  46  mm.  below  the  carotid  zero  line),  while  the 
fall  in  pulmonary  pressure  was  equal  to  54  mm.  of  mercury  (9  mm. 
below  its  zero  line).  The  carotid  pressure  shows  a  corrected  fall  of 
129  mm.  (212-83),  while  the  pulmonary  pressure  when  corrected 
shows  actually  a  rise  of  29  mm.  of  mercury.  When  corrected,  the 
minimum  carotid  and  maximum  pulmonary  pressures  are  respectively 
41  (preexperimental  pressure  level  170  minus  corrected  fall  129)  and 
79  (preexperimental  level  50  plus  rise  resulting  from  correction  29). 
Respiratory  waves,  following  a  period  of  apnoea  which  was  of  18  sec- 
onds' duration,  are  marked  in  both  arterial  curves  but  show  only 
slightly  in  the  plethysmographic  record,  since  they  were  the  result  of 
spontaneous  but  ineffectual  efforts  on  the  part  of  the  anima)-  It  will 
be  noted  that  during  the  last  14  seconds  of  the  experiment  the  intra- 
plethysmographic  pressure  rose  slightly  and  that  with  this  increase  in 
pressure  there  occurred  a  rise  in  carotid  while  the  pulmonary  pressure 
continued  to  fall.  It  will  also  be  noted  that  as  the  plethysmographic 
pressure  is  progressively  lowered  there  is  a  gradual  disappearance  of 
pulse  pressure  in  both  the  arterial  curves.  With  sudden  return  to 
atmospheric  pressure  within  the  plethysmograpb  there  is  an  almost 
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Fig.l.  Experiment  of  March  20, 1916.  DogOkilo.  Ether.  Time  in  secoads. 
A,  Carotid  blood  pressure  recorded  by  mercury  manometer!  B,  Zero  level  for 
carotid  blood  pressure;  C,  Left  pulmonary  blood  pressure  recorded  by  mercury 
manometer;  D,  Zero  level  for  pulmonary  pressure;  E,  Plethysmographic  pressure 
recorded  by  mercury  manometer  which  is  08  nun.  above  the  time  record. 
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synchronous  recovery  of  both  arterial  pressures  to  their  preexperi- 
mental  pressure  levels. 

Figure  S,    Records  of  carotid  and  pulmonary  arterial  pressures 
are  reproduced  from  three  parts  of  a  typical  tracing  showing  the  effects 


c 

D 


Fig.  2.  ExperimeDt  of  January  6,  1918.  Dog  8.75  kilo.  Ether.  Time  in 
seconds.  A,  Carotid  blood  pressure  recorded  by  mercury  manometer;  B,  Zero 
level  for  carotid  blood  pressure;  C,  Left  pulmonary  blood  pressure  recorded  by 
mercury  manometer;  D,  Zero  level  for  pulmonary  pressure.  This  level  is  20 
mm.  above  the  time  record.  /,  t  and  9  show  the  progressive  effects  of  increasing 
lung  distention. 

of  distention  of  the  lungs  in  varying  degree.  The  experimental  pro- 
cedure was  varied  in  the  experiment  on  this  animal  and  the  plethysmo- 
graph  was  not  used.  The  lungs  were  inSated  through  the  trachea 
which  was  connected  to  a  reservoir  containing  air  under  pressure.  The 
degree  of  pressure  employed  to  distend  the  lungs  is  not  recorded  but 


,v  Google 


288  RALPH  HOPKmS  AND  PBLIX  P.  CHILLINQWORTH 

can  be  estimated  from  the  effects  produced  upon  the  arterial  pressures. 
Small  caliber  mercury  manometers  were  used  for  recording  blood 
pressures. 

In  the  first  of  these  tracings  the  lung  distention  is  quite  moderate 
and  is  accompanied  by  a  slight  rise  in  both  arterial  pressures.  The 
systolic  pulmonary  pressure  shows  no  rise  but  the  mean  blood  pressure 
is  higher  due  to  maintenance  of  a  higher  diastolic  level.  Measure- 
ments of  the  unreduced  tracing  show  a  preexperimental  mean  pulmo- 
nary pressure  of  14  nun.  of  mercury  which  during  inflation  rises  to  20. 

In  the  second  of  this  series  the  distention  of  the  lungs  is  slightly 
greater  and  the  mean  pulmonary  pressure  rises  from  a  preexperimental 
level  of  16  to  28  mm.  of  mercury.  In  this  instance  the  systolic  as  well 
as  the  diastolic  pressure  rises  during  distention  of  the  lungs,  but  the 
rise  in  the  systolic  is  8  mm.  less  than  the  rise  in  diastolic  pressure. 

In  the  third  tracing  distention  of  the  lungs  is  in  excess  of  that  in 
either  of  the  previous  experiments  and  a  corresponding  increase  is 
observed  in  the  pulmonary  arterial  pressure  which  attains  a  maximum 
mean  pressure  of  43  mm.  (29  mm.  above  the  preexperimental  level  of 
14).  Again  it  ia  noticeable  that  the  rise  in  the'diastolic  exceeds  that  in 
the  systolic  pressure.  A  comparison  of  the  mean  pulmonary  to  the 
mean  carotid  pressures  shows  that,  at  the  point  of  greatest  lung  disten- 
tion, the  pulmonary  pressure  exceeds  that  in  the  carotid  artery  by  6 
mm.  and  also  that  the  pulmonary  diastolic  pressure  is  slightly  in  excess 
of  that  of  the  carotid.  The  initial  carotid  pressure  in  this  animal  is 
40  mm.  lower  than  that  plotted  in  figure  3,  and  as  a  result  of  this  lower 
preexperimental  level  a  comparatively  small  fall  in  carotid  pressure 
is  sufficient  to  make  the  carotid  equal  to  the  pulmonary  arterial  pressure. 

Figure  S.  A  curve  is  plotted  from  a  typical  tracing  showing  simul- 
taneous carotid  and  pulmonary  arterial  pressures  in  millimeters  of 
mercury  during  progressive  increase  of  intrapulmonic  air  pressure. 
The  broken  Une  represents  the  former  and  the  unbroken  line  the 
latter.  The  figures  used  have  been  corrected  as  explained  in  a  pre- 
vious paragraph.  The  ordinates  indicate  blood  pressures  and  the  ab- 
scissae the  pressures  in  millimeters  of  mercury  employed  to  distend  the 
lungs. 

The  carotid  pressure,  while  distention  is  progressing,  shows  an 
initial  rise  of  6  mm.  of  mercury  attained  when  the  excess  of  air  pressure 
within  the  lungs  is  equal  to  10  mm.  of  mercury.  With  increasing 
distention  of  the  lungs  the  carotid  pressure  falls  progressively,  the 
maximum  fall  being  attained  with  an  increase  in  the  intrapulmonic  air 
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pressure  equal  to  80  mm.  of  mercury,  which  was  the  greatest  pressure 
used.  With  the  exception  of  the  small  initial  rise  accompanying  slight 
distention  of  the  lungs,  the  fall  in  carotid  preesure  below  the  preexperi- 
mental  levd  of  170  mm,  prepresses  uniformly  with  increasing, lung 
distention  until  the  low  level  of  36  mm,  is 
reached. 

The  pulmonary  arterial  pressure,  on  the 
contrary,  is  not  noticeably  affected  by  slight 
distention  of  the  lungs,  and  with  increasing 
distention  rises  continuously  until  its  maximum 
is  attained,  which  occurs  when  the  Increase  in 
the  intrapulmooic  air  pressure  is  equal  to  60 
mm.  of  mercury.  Beyond  this  point  the  pul- 
monary preesure  commences  to  fall.  The 
maximum  increase  in  the  pulmonary  pressure 
is  40  mm.  above  the  preexperimental  level  of 
50  mm.  and  the  relatively  high  level  of  90  mm. 
is  attained. 

It  will  be  noted  that  the  pulmonary  pressure 
rising  from  a  low  level  becomes  equal  to  the 
carotid  pressure  falling  from  a  high  level  at  a 
point  where  the  pressure  in  the  two  systems  is 

equal  to  85  mm.    The  increase  in  intrapuhnonic  ,  ^'?-  ^-  "*•"*?  **""?? 

.                          ~  .     .   .       —....-.  showing  corrected  carotid 

air  pressure  sufficient  to  effect  this  equauty  IS  (broken   line)   and  pul- 

60   mm.   of  mercury.     With  increase  in   air  monary  (unbroken  line) 

pressure  in  excess  of  50  the  pulmonary  pressure  arterial  pressures  during 

ccoitinuing  to  rise  attains  a  level  46  mm,  above  pro8re«ive   decrease  of 

that  of  the  falling  carotid  pressure.  intraplethysmographic 

.      .  ,        7.         ,            X-       .    ..    i  i_  ..    ^L  pressure.    Ordmates   in- 

An  mterestu^  observation  is  that  both  the  ^ioate   blood   pressures, 

fall  in  CMotid  and  the  rise  in  piUmooary  pres-  AbsotssM    indicate    de- 

Bures  are,  within  a  wide  range  of  lung  disten-  oreaae     of     plethysmo- 

tion,   approximately  linear  functions  of  the  Bropt'o  pressures  in  mil- 


'"*" 

\ 

v 

V 

/ 

\ 

\ 

increasing  intrapuhnonic  air  pressure. 


timetera  of  mercury. 


niSCDSSION  OF  BBBm.TB 


While  the  pulmonary  arterial  pressure  cannot  under  usual  living  con- 
ditions be  taken  as  an  index  of  the  right  ventricular  diastoUc  pressure, 
yet,  under  the  condition  of  completely  blocked  piUmonary  capillaries 
the  right  ventricular  pressure  must  rise  pari  passu  with  the  rise  in 
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pressure  in  the  pulmonary  arteries  and  this  rise  must  be  sustained  in 
the  ventricle  even  during  its  diustole.  Blood  under  high  pressure  is 
trapped  between  the  blocked  capillaries  at  one  end  of  the  system  and 
the  tricuspid  valve  at  the  other.  When  the  pressure  in  the  pulmonary 
artery  equals  the  maximum  which  the  right  ventricle  is  capable  of 
establishing,  subsequent  contractions  are  unable  to  discharge  blood, 
and  the  ventricle  also  remains  constantly  full  of  blood  tmder  a  pressure 
equal  to  that  in  the  pulmonary  arteries.  Even  during  diastole  no  relief 
from  this  excessive  pressure  is  obtiiined  since  the  ventricle  caimot, 
even  though  relaxed,  increase  its  capacity  for  holding  blood.  It  is 
even  quite  possible  that  under  these  conditions  the  pulmonary  semi- 
lunar valves  f^  to  close,  since  the  normal  tendency  of  the  blood  to 
r^;urgitate  is  absent  when  the  ventricle  is  full  of  blood  at  the  end  of  its 
systole.  In  evidence  of  the  diminished  output  of  blood  from  the  right 
side  of  the  heart  when  the  pulmonary  capillaries  are  mechanically 
blocked  by  distention  of  thp  lungs,  a  tracing  (fig.  1)  is  shown  in  which 
the  pulse  is  obliterated  in  the  record  from  the  pulmonary  artery  while 
■  the  mean  pulmonary  pressure  rises.  ■  Obliteration  of  the  pulse  waves 
occurs  in  the  carotid  as  well  as  in  the  pulmonary  tracing  but  in  one 
case  it  is  due  to  insufficient  and  in  the  other  to  excessive  pressure. 

When  the  pulmonary  capillaries  are  completely  blocked  the  pul- 
monary arterial  pressure  may  then  be  taken  as  a  direct  measure  of  the 
diastolic  right  ventricular  pressure  and  it  may  be  assumed  that  with  an 
incomplete  blocking  of  the  capillaries  there  exists  a  rise  in  the  diastolic 
right  ventricular  pressure  corresponding  in  degree  to  that  maintained 
in  the  pulmonary  arteries.  Two  of  the  tracings  shown  in  figure  2 
are  evidence  of  the  fact  that  with  moderate  distention  of  the  lungs  the 
rise  in  mean  pulmonary  arterial  pressure  is  due  to  a  rise  in  diastolic 
rather  than  in  systoUc  pressure.  In  the  tliird  tracing  of  this  series  it 
will  be  noted  that  as  the  pulmonary  blood  pressure  rises  the  output 
from  the  ventricle  diminishes.  That  the  diminution  in  ventricular 
discbaige  is  not  due  to  a  diminished  supply  of  blood  to  the  auricle  and 
ventricle  was  evidenced  by  many  post-mortem  examinations  which 
revealed  not  only  a  dilated  right  ventricle  but  also  an  engorgement 
limited  to  the  right  auricle  and  adjacent  veins  in  those  animals  that 
were  killed  by  excessive  increase  of  intrapulmonic  pressure.  It  will  be 
noted  in  figure  3  that  after  attaining  its  maximum  the  pulmonary 
arterial  pressure  commences  to  fall.  This  failure  is  attributable  to 
cardiac  failure  secondary  to  impairment  of  the  coronary  circulation. 
Marked  fall  in  carotid  pressure  necessarily  affects  the  coronary  circu- 
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l&tion  of  the  entire  heart  but  when  the  right  ventricle  is  diatetided  dur- 
ing its  diastole  with  blood  under  high  pressure,  the  impairment  of 
circulation  through  the  cardiac  muscles  is  far  greater  in  the  right 
ventricle  than  in  other  parts  of  the  heart. 

TaJdng  the  pulmonary  arterial  pressure  as  an  index  of  safety  during 
distention  of  the  lungs,  reference  to  figure  3  shows  that  with  50  mm. 
increase  in  the  pressure  of  the  intrapulmonic  air  the  carotid  and  pul- 
monary arterial  pressures  become  equal  and  that  with  increasing  air 
pressure  the  pulmonary  pressure  becomes  higher  than  that  in  the  ca- 
rotid art«ry.  The  limit  of  safety,  therefore,  in  dogs  lies  below  this 
degree  of  pressure  and  death  has  been  found  not  infrequently  to  follow 
air  pressures  of  30  and  even  less. 

There  is  no  reason  to  believe  that  the  pulmonary  capillaries  of  man 
are  more  resistant  to  occlusion  than  are  those  of  the  dog  or  that  there 
exists  much  difference  in  their  relative  blood  pressures.  Difference  in 
the  elastic  factor  of  thoracic  expansion  is  not  important  since  increase 
in  the  intrapulmonic  air  pressure  acts  almost  directly  on  the  lung  capil- 
laries independently  of  lung  expansion.  The  observations,  therefore, 
made  on  dogs  require  Uttle  or  no  modification  to  become  pertinent  to 
artificial  respiration  performed  on  man  by  any  of  the  methods  that 
increase  intrapulmonic  air  pressure.  When  the  lungs  are  rhythmically 
distended  an  important  factor  of  safety  is  the  shortening  of  the  period 
of  full  inflation  to  allow  the  blood  pressures  to  return  to  normal. 

CONCLUSIONS 

1.  When  in  dogs  the  lungs  are  artificially  distended  by  an  increase 
in  the  intrapulmonic  air  pressure : 

a.  The  pulmonary  arterial  pressure  becomes  equal  to  that  of  the 
general  systemic  arterial  pressure  when  the  excess  of  intrapulmonic 
pressure  is  equal  to  50  mm.  of  mercury. 

h.  With  further  increase  in  intrapulmonic  pressure  the  pulmonary 
arterial  pressure  may  exceed  that  of  the  general  system  by  as  much  as 
46  mm.  of  mercury. 

c.  Under  both  of  the  above  conditions  the  circulation  of  blood 
through  the  coronary  arteries  of  the  right  heart  is  unfavorably 
influenced. 

d.  With  the  rise  in  pulmonary  arterial  pressure  there  occurs  a  rise 
in  the  diastoUc  right  ventricular  pressure.  When  the  latter  becomes 
equal  to  or  greater  than  the  systemic  diastolic  pressure,  circulation  of 
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blood  through  the  coronary  vesseU  of  the  right  ventricle  becomes 
impossible. 

2.  Estimates  of  the  increase  in  intrapulmonic  air  pressure  sufficient 
to  influence  unfavorably  the  coronary  circulation  of  dc^  are  appli- 
cable also  to  man  and  should  be  considered  in  connection  with  methods 
of  artificial  respiration. 

We  are  indebted  to  Prof.  W.  E.  Garrey  for  helpful  si^gestions  and 
criticisms. 
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INTRODOCTION 

The  character  of  the  continuous  motor  activity  of  the  empty  and 
filled  stomach  in  the  frog  has  been  reported  (1).  In  the  present  paper 
an  attempt  is  made  to  determine  more  specifically  the  influence  of  the 
vagi  and  splanchnic  nerves  on  the  behavior  of  the  gastric  hunger  move- 
ments and  the  gastric  tonus  of  the  empty  stomach. 

Much  has  been  written  concerning  the  excitatory  and  inhibitory  in- 
fluences of  these  extrinsic  nerves  upon  the  gastric  motility  and  a  rather 
thorough  review  of  the  literature  covering  this  phase  of  the  question 
has  appeared  in  a  previous  paper  of  this  series  (1).  In  addition,  the 
distribution  and  function  of  the  nerves  innervating  the  visceral  and 
vasculai^  systems  in  crocodiles  and  aUigators  was  worked  out  by  Gas- 
kell  (2).  He  found  that  stimulation  of  the  peripheral  end  of  either 
v^us  above  or  below  the  ganglion  trunci  vagi  invariably  led  to  a  con- 
traction of  the  stomach  musculature.  After  section  of  the  cervical 
vt^pis  above  the  ganghon  with  subsequent  degeneration  of  its  fibers 
stimulation  then  above  the  ganglion  almost  invariably  produced  no 
effect  whatever  on  the  esophagus  and  stomach,  while  stimulation  below 
the  ganglion  almost  invariably  caused  marked  peristaltic  contraction. 
Gaskell  came  to  the  conclusion  that  the  fibers  which  innervate  the  tho- 
racic portion  of  the  esophagus  and  the  stomach  and  all  probability  the 
intestines  jdegenerate  onlyinthat  portion  which  is  above  the  ganglion  but 
not  in  that  portion  below  the  ganglion  and  that  the  nerves  for  the 

'  A  preliminary  report  of  this  work  was  made  before  the  1917  meeting  of  the 
American  Physiological  Society  at  MinneapoliB,  a  brief  abstract  of  which  waa 
published  in  the  Proceedings  of  that  Society. 
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upper  part  of  the  esophagus  and  the  inhibitory  fibers  of  the  heart  have 
no  connection  with  the  nerve  cells  of  the  ganglion  trunci  vagi,  while 
the  motor  nerves  for  the  rest  of  the  esophagus  ttndthe  upper  portion  of 
the  remainder  of  the  alimentary  canal  are  in  connection  with  the  cells 
of  that  ganglion — a  connection  by  which  the  motor  fibers  proceeding 
peripherally  from  the  ganglion  are  prevented  from  degeneration  but 
not  the  motor  fibers  which  pass  to  the  ganglion. 

Furthermore,  the  recent  observations  by  Crohn  and  Wilensky  (3)  on 
gastric  behavior  by  the  balloon  method  have  shown  that  in  atony  of 
the  stomach  the  hunger  contractions  disappear  and  in  advanced  cases 
the  tonal  waves  also,  while  in  purely  secretory  or  other  functional 
disturbances  both  kinds  of  waves  persist. 

EXPERIMENTAL   PROCEDUHE 

The  studies  in  this  series  of  experiments  were  made  upon  the  large 
bullfrog  (Bana  catesbiana).  All  the  animals  were  provided  with  an  arti- 
ficial opening  into  the  posterior  part  of  the  mouth  or  stomostomy  and 
the  movements  of  the  empty  stomach  were  recorded  by  the  balloon 
method  as  described  in  a  previous  paper  (4) .  A  series  of  normal  con- 
tractions of  the  empty  stomach  was  obtained  from  each  animal  which 
extended  over  a  period  of  several  days  and  then  each  of  these  animals 
was  operated  on  a  second  time.  In  this  second  operation,  either  both 
vagi  or  both  splanchnic  nerves,  or  both  the  vagi  and  the  splanchnic 
nerves  together  were  sectioned,  followed  after  recovery  in  each  case  by 
a  series  of  tracings  from  the  empty  stomach.  The  animals  were  an- 
esthetized. Aseptic  precautions  as  far  as  possible  were  at  first  fol- 
lowed but  later  this  was  found  to  be  unnecessary  as  no  infection 
developed  in  any  of  the  animals  when  such  procedure  was  not  followed. 
The  vagi  were  sectioned  in  the  region  of  the  neck.  Two  oblique  inci- 
sions were  made  through  the  skin  on  either  side  of  the  median  line, 
ventral,  about  1  cm.  distant  and  close  to  the  anterior  tips  of  the  shoul- 
ders as  represented  by  a  line  drawn  from  this  point  laterally  1  cm.  to 
1^  cm.  in  length  to  a  point  slightly  posterior  and  just  internal  to  the 
articulation  of  the  superior  and  inferior  maxillary  bones  on  either  side. 
These  two  incisions  exposed  the  cervical  fascia  on  either  side  at  its  at- 
tachment along  the  anterior  scapulo-clavicular  borders.  Here  there 
are  few  blood  vessels  and  if  the  fascia  is  carefully  separated  no  hemor- 
rhage results.  As  soon  as  this  region  is  passed  the  fascial  separation 
becomes  very  easy  until  the  thin  sheet  of  prevertebral  fascia  is  reached 
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which  is  about  on  a  line  of  the  transverse  processes  passing  obliquely 
downward  and  inward  from  the  base  of  the  skull  aiid  extending  into  the 
thorax.  This  latter  sheet  of  fascial  membrane  is  now  pierced  which 
exposes  the  levator  anguli  scapulae  muscle,  over  the  anterior  border  of 
which  courses  the  vagus  nerve  and  the  internal  jugular  (Vena  jugiilaris) 
and  musculo-cutaneouB  (Vena  musculo-cutanea)  veins.  The  incision 
is  held  open  by  the  spring  of  a  small  pair  of  forceps  (preferably  curved 
points)  and  then  by  means  of  a  small  pair  of  mouse-toothed  forceps  the 
nerve  is  carefully  separated  from  the  adjoining  veins  to  which  it  is 
bound  by  connective  tissue.  This  is  best  accomplished  by  freeing  the 
nerve  either  between  the  two  veins  mentioned  or  just  lateral  to  the  in- 
ternal jugular  vein  at  the  anterior  border  of  the  levator  anguli  scapulae 
where  it  crosses  and  sectioning  the  nerve  just  below  the  origin  of  the 
recurrent  laryngeal  branch.  Section  of  the  nerves  at  this  point  destroys 
not  only  the  gastric  branches  to  the  stomach  but  also  the  pulmonary 
and  cardiac  branches  destined  for  the  lungs  and  heart.  Attempts  were 
made  at  first  to  section  only  the  gastric  branches  but  as  these  branches 
were  so  small  and  so  deeply  embedded  in  the  tissues  it  was  found  to  be 
practically  impossible  with  recovery  of  the  animals.  In  fact,  the  tech- 
nic  as  used  required  several  months'  experience  before  it  became  per- 
fected and  only  then  did  it  become  an  efficient  procedure  which,  if 
properly  handled,  may  bo  called  a  bloodless  method.  Both  vagi  were 
always  sectioned  at  one  operation  and  the  skin  incisions  were  closed 
with  five  sutures. 

The  splanchnic  nerves  were  sectioned  in  the  region  of  the  coeliac 
plexus  after  laparotomy.  An  incision  was  made  through  the  skin, 
the  rectus  abdominis  muscle  and  the  aponeuroses  of  the  cxtemalandin- 
tcmal  oblique  muscles  2J  to  3  cm.  in  length  extending  from  the  lower 
extremity  of  the  sternum  (xiphisternum)  caudalward  and  about  4  cm. 
to  the  left  of  the  linea  alba,  in  order  to  avoid  the  anterior  aMominal 
vein  (Vena  abdominalis)  which  courses  forwards  along  the  mid-Hne  of 
the  ventral  body  wall  until  opposite  the  Hvrr.  The  stomach  is  with- 
drawn through  this  opening  an<l  a  larger  pair  of  nerves,  one  on  either 
side,  is  found  coursing  along  with  the  right  and  left  systemic  arches. 
These  are  the  third  spinal  ner\'ea  carrjing  fibers  for  the  stomach,  hut 
according  to  Steinach  and  Wiener  (5),  Dixon  (6)  and  others,  the  stom- 
ach also  receives  fibers  from  the  fourth  and  fifth  spinal  ner\eB  and 
Waters  (7)  in  addition  includes  the  sixth. 

Fibers  from  these  nerves  arising  from  both  sides  of  the  body  unite 
to  form  the  coeliac  plexus  situated  on  the  cocliaco-mc  sent  eric  artery 
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(At«na  intestmalis  conununis)  a  few  mitUmeters  from  its  origiD  from  the 
left  Bystemic  arch.  From  thia  plexus  arise  the  nerves  destined  for  the 
stomach,  pancreas  and  duodenum.  The  branches  for  the  stomach  are 
inbedded  in  tlie  mesenteric  membrane  and  follow  closely  the  course  of 
the  arterial  supply  of  this  organ.  They  may  be  best  seen  by  raising  the 
stomach  and  allowing  the  light  to  illuminate  the  mesentery  when  they 
may  be  picked  up  with  mouse-toothed  forceps.  If  they  are  cut  close 
to  the  plexus  there  are  usually  not  more  than  two  branches.  Experi- 
ence has  shown  that  it  is  advisable  to  introduce  into  the  stomach  5  (h* 
6  cc.  of  water  previous  to  the  operation' as  it  tends  to  fill  and  round  out 
the  stomach,  thus  making  it  easier  to  locate  the  plexus  and  the  nerves. 
The  technic  for  this  operation  hke  that  for  double  vagotomy  in  the  frog 
is  very  deUcate,  but  with  sufficient  patience  and  experience  it  may  be 
developed  to  such  a  point  as  to  be  conducted  without  hemorrhage,  and 
like  the  former  may  be  considered  a  bloodless  method.  The  splanch- 
netomized  stomach  is  pushed  back  into  place,  the  muscular  incision  is 
closed  with  nine  to  ten  sutures  and  the  skin  incision  with  the  same  num- 
ber. The  animals  after  double  vagotomy  or  splanchnetomy  are  usu- 
ally sufficiently  recovered  on  the  third  day  following  the  operation  to 
be  used  for  experimental  tests  with  fairly  marked  gastric  activity, 
while  after  a  double  operation  consisting  of  the  two  above  they  are 
usually  not  ready  for  use  until  the  fourth  day  following  the  operation. 
In  the  decerebration  experiments  the  balloon  was  not  removed  from  the 
stomach  and  the  gastric  contractions  started  a^n  after  a  short  period 
of  inhibition.  All  the  tracings  were  recorded  on  a  slowly  moving  drum 
making  a  revolution  in  fifty  to  sixty  minutes. 

THE  INFLUENCE  ON  THE  GASTRIC  HUNGEB  UOVEHENTS  OF  PAItTlAL  AND 

COMPLETE  ISOLATION  OF  THE  STOlfACH  FROU  THE  CENTRAL 

NERVOUS  STSTEU 

A  complete  knowledge  of  the  mechanism  of  the  gastric  movements 
is  still  uncertain.  The  gastric  activity  is  regulated  not  only  by  the  vagi 
and  the  splanchnic  nerves  of  the  sympathetic  system,  but  also  by  the 
automatically  acting  plexi  of  Auerbach  and  Meissner.  The  most  direct 
and  desirable  method  of  attack  on  this  problem  is  the  section  of  the 
extrinsic  nerves  to  the  stomach,  although  this  operation  abolishes  not 
only  all  direct  influences  from  the  brain  of  a  motor  or  inhibitory  type, 
but  also  the  central  reflexes  (motor  or  inhibitory)  that  may  be  called 
into  action  through  the  sensory  nerves  in  the  stomach. 
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The  influence  of  these  nerves  on  the  activity  of  the  stomach  has  been 
studied  by  a  number  of  investigators,  prominent  among  whom  have 
been  Cannon  (8)  and  Carlson  (9).  Cannon's  observations  on  the  gas- 
tric movf^ments  of  digestion  in  cats  have  shown  that  section  of  the  vagi 
leads  to  a  temporary  loss  of  tonus  and  a  slowing  and  weakening  of  the 
peristalsis,  which  in  respect  to  rate  is  practically  restored  in  a  few  days. 
He  infers  as  does  Kelling  (10)  that  their  function  is  solely  to  make  the 
gastric  muscles  exert  a  tension  (tonic  state)  and  the  result  of  this  condi- 
tion is  peristalsis.  Furthermore,  section  of  the  splanchnic  nerves  does 
not  affect  the  movements  of  digestion,  while  the  combined  vagi  and 
splanchnic  section  leaves  the  digestive  movements  of  the  stomach  prac- 
tically normal  even  shortly  after  the  operation. 

Carlson,  on  the  other  hand,  has  shown  that  section  of  th£  v^  in 
dogs  leaves  the  empty  stomach  on  the  whole  permanently  hypotonic, 
at  least  for  a  period  up  to  three  months  after  the  operation.  Section  of 
the  splanchnic  nerves  increases  the  gastric  tonus  and  augments  the  gas- 
tric hunger  contractions,  while  the  section  of  both  the  vagi  and  the 
splanchnics  leads  to  a  permanent  hypotonus  of  th*e  stomach,  except 
imder  conditions  of  prolonged  fasting.  These  discrepancies  between 
the  results  of  the  two  investigators  are  probably  accounted  for,  in  that 
the  tonus  of  the  vagus  plays  a  greater  r61e  in  the  movements  of  the 
empty  than  in  the  movements  of  the  filled  stomach,  or  else  the  nerves 
vary  in -different  species  of  animals. 

/.  The  effect  of  complete  section  of  the  splanchnic  nerves.  Complete 
section  of  the  splanchnic  nerves  on  both  sides  in  the  region  of  the  coeliac 
plexus  was  made  on  twelve  frogs  and  after  recovery  from  the  operation 
records  of  the  movements  of  the  empty  stomach  were  continued  from  two 
to  three  weeks  and  compared  with  those  from  the  normal  stomach  of 
the  same  animal. 

When  a  comparative  study  of  the  records  <rf  these  animals  is  made  as 
a  whole  it  is  evident  that  the  complete  section  of  the  splanchnic  nerves 
with  the  vagi  intact  in  frogs  increases  markedly  the  gastric  tonus  and 
augments  the  movements  oftbeemptystomach{fig.l,AandB).  The 
recorded  contractions  are  small,  rapid  and  irregular  in  form,  and  repre- 
sent virtually  an  incomplete  or  hunger  tetanus  of  the  stomach.  In 
other  words,  the  stomach  on  the  whole  becomes  strongly  hypertonic 
and  more  active  through  the  destruction  of  the  inhibitory  fibers  via 
splanchnic  nerves  to  the  stomach,  which  permits  the  motor  fibers  of 
the  vagi  to  exert  their  full  influence  on  the  gastric  motor  mechanism, 
thus  leading  to  a  high  degree  of  gastric  tonus  much  above  the  norma). 
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This  particular  state  of  excessive  tODUs  is  evidenced  not  only  by  tbe 
balloon  in  the  stomach  cavity  but  more  especially  by  the  marked  con- 
traction of  the  esophagus  and  stomach  as  is  exhibited  many  times  by 
the  extreme  difficulty  to  introduce  the  balloon  through  the  esoph^us 
into  the  stomach.  This  hypertonic  condition  of  the  frog's  atomach 
which  always  appears  after  complete  section  of  the  splanchnic  nerves  ia 
evidently  more  marked  than  Carlson  (9)  found  it  to  be  in  dogs  after 
splanchnic  section.  Furthermore,  this  condition  as  it  exists  in  frogs 
after  this  type  of  nerve  section  corresponds  apparently  to  certain  clinical 


Fig,  1,  Records  from  the  empty  stomach  of  the  frog.  A,  noml&l  frog  after 
six  days' fast  i£,  thesameanimal  ten  days  after  section  of  both  splanchnic  nerves 
and  twenty  days'  fast.  At  x,  introduction  of  5  cc.  of  0.5  per  cent  solution  of 
hydrochloric  acid  directly  into  the  stomach.  Showing  incomplete  tetanus  and 
only  alight  inhibition  of  tbe  hunger  contractiooB  by  acid  in  the  stomach  after 
section  of  the  splanchnic  nerves,    i'  =  termination  of  the  acid  injection. 

conditions  as  reported  by  Eppinger  and  Hess  (11)  under  the  term  of 
vagotonia.  According  to  these  observers  the  antagonistic  influences 
between  the  gastric  branches  of  the  vagi  andthespanchnic  nerves  play 
a  very  important  r61e  in  not  only  moderating  the  physiological  impulses 
which  might  reach  a  very  marked  intensity,  but  in  addition  they  pre- 
vent acute  transitions  from  rest  to  excitation  or  vice  versa.  This  means 
that  if  it  were  not  for  the  above  under  certain  conditions  small  stimuli 
might  cause  large  reactions  either  physiological  or  pathological.    Now, 
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if  we  assume  that  somewhere  in  the  central  nervous  system  there  exists 
a  common  center  which  controls  the  antagonistic  actions  of  these  two 
systems,  as  suggested  by  these  investigators,  and  that  the  irritability  of 
this  center  increases  and  decreases  from  time  to  time  it  is  easy  to  un- 
derstand how  very  weak  and  even  transitory  stimuli  might  act  upon 
such  a  center  when  in  a  state  of  increased  irritability  to  produce  the 
gastric  hypertonus  tbro'ugb  the  fibers  of  the  vagi.  This  however  is 
not  proven,  but  we  do  know  that  in  the  condition  of  vagotonia  there  is  a 
functional  increase  of  tone  via  vagi  to  the  stomach  and  this  increase  of 
function  doubtless  permits  the  stimuli  to  act  more  readily  than  if  the 
reversed  condition  existed.  Furthermore,  the  observations  of  Crohn 
and  Wilensky  (3)  have  shown  that  the  hunger  contractions  in  well- 
marked  cases  of  vagotonia  exhibit  an  extreme  degree  of  variabihty,  the 
contractions  foUowing  one  another  in  rapid  succession  and  without 
pause  for  comparatively  long  periods  of  time.  The  clinical  findings  of 
these  observers  are  apparently  in  accord  with  the  results  on  fri:^  after 
splanchnic  section. 

.The  inhibition  of  the  movements  of  the  empty  stomach  of  the 
splanchnetomized  animal  when  acid  is  introduced  into  the  stomach  cav- 
ity is  much  less  complete  than  in  frogs  with  all  the  extrinsic  gastric 
nerves  intact  (fig.  1,  A  and  B).  In  fact,  the  contractions  do  not  cease 
at  all  and  the  only  effect  produced  is  a  very  slight  decrease  in  the  height 
of  the  contractions  during  the  introduction  of  the  acid  followed  by  a  few 
contractions  of  a  slightly  longer  duration  and  usually  a  slight  increase  in 
the  gastric  tonus.  This  diminution  of  the  inhibition  following  stimula- 
tion of  the  gastric  mucosa  by  acids  after  complete  section  of  thesplanch- 
nic  nerves  is  confirmatory  with  the  findings  of  Carlson  (12)  on  dogs. 
2.  The  effect  of  section  of  both  vagi  nerves.  Section  of  both  vago-sym- 
patbetic  nerves  in  the  neck  was  made  on  eleven  frogs  and  after  recovery 
from  ,the  operation  records  of  the  movements  of  the  empty  stomach 
were  continued  from  two  to  three  weeks  and  compared  with  those 
from  the  normal  stomach  of  the  same  animal. 

When  all  the  records  are  compared  from  these  animals  the  results 
are  confirmatory  in  showing  that  the  contractions  of  the  empty  stomach 
are  only  slightly  changed  in  rate  and  regularity.  The  contractions  when 
viewed  as  a  whole  resemble  those  from  the  normal  stomach  with  the 
exception  that  they  usually  appear  to  be  of  a  slightly  slower  rate,  weaker 
and  more  irregular  (fig,  2,  A  and  B).  However,  there  is  a  tendency 
for  the  contractions  to  increase  in  strength  or  rather  amplitude  up 
to  the  amplitude  of  the  normal  contractions  and  some  of  the  individual 
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oontr&ctions  may  even  exceed  the  Bormal.  This  is  evidently  produced 
through  a  lowered  tone  in  the  gastric  motor  mechanism,  whereby  the 
oontractions  start  rather  suddenly  and  without  any  marked  preliminary 
increase  in  tonus  and  because  of  this  condition  the  air  is  more  completely 
forced  out  of  the  balloon,  thus  resulting  in  the  greater  contraction.    lo 


Fig.  2.  Records  from  the  empty  stomach  of  the  frog.  A,  normal  frog  after 
three  days'  fast;  B,  the  same  animal  nine  days  after  section  of  both  vagi  and 
sixteen  days'  fast.  At  i  introduction  of  6  cc,  of  0.5  per  cent  solution  of  hydro- 
chloric acid  directly  into  the  stomach.  Showing  slightly  more  complete  inhibi- 
tion of  the  hunger  oobtractions  by  acid  in  the  stomach  aft«r  section  of  the  vap 
nerves. 

the  empty  stomach  of  the  normal  animal  as  determined  by  the  balloon 
method,  there  are  practically  no  tonus  changes,  or  at  least  they  are  so 
slight  in  degree  as  to  be  almost  a  negligible  factor.  In  working  with 
these  animals,  extending  over  a  period  of  five  years,  I  have  never  ob- 
served in  the  normal  animal  an  increase  in  gastric  tone  exceeding  a  cen- 
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timeter  as  determined  by  the  tnanometric  pressure.  This  maximal 
increafie  I  have  obeerved  not  more  than  three  or  four  times  in  my  work 
during  this  time  and  is  therefore  rare.  When  tonus  chimges  are  ob- 
served  they  usually  do  not  exceed  a  quarter  of  a  centimeter  (2  to  3  mm.), 
but  the  more  common  thing  in  the  frog  is  to  have  the  tonus  remain  con- 
stant hour  ^er  hour. 

Section  of  both  vagi  with  the  splanchnics  intact  leads  to  a  sympatbeti- 
cotonic  condition  of  the  stomach.  This  means  that  the  stomach  on  the 
whole  becomes  hypotonic  through  the  destruction  of  the  vagal  fibers 
that  maintain  the  gastric  tonus,  which  permits  the  inhibitory  fibers  of 
the  splanchnics  to  exert  a  greater  influence  on  the  gastric  motor  mech- 
anism, thus  leading  to  a  general  diminution  in  the  gastric  tonus.  How- 
ever, there  was  a  tendency  in  some  of  the  animals,  at  least,  to  show  a 
gradual  improvement  in  the  efficiency  of  the  local  tonus  mechanism  as 
time  went  on  after  the  operation,  which  indicates  that  the  hypotonic 
condition  of  the  stomach  may  be  only  temporary  in  the  frt^  and  not 
permanent  as  reported  by  Carlson  (9)  in  di^,  but  corresponding  to  the 
observations  of  Cannon  (8)  in  cats  for  the  movements  of  digestion. 
This  phase  of  the  question  will  be  discussed  in  a  separate  paper.  Fur- 
thermore, the  gastric  tonus  on  the  whole  is  much  lower  than  normal 
as  determined  not  only  by  the  balloon  in  the  gastric  cavity,  but  also  by 
the  ease  with  which  the  balloon  may  be  introduced  through  the  esoph- 
agus into  the  stomach  and  inflated. 

When  acids  are  introduced  directly  into  the  empty  stomach  of  the 
vagotomized  animal  gastric  inhibition  is  exhibited  similar  to  that  pro- 
duced in  the  normal  animal  with  the  exception,  on  the  whole,  that  it 
appears  to  be  quicker  and  more  marked  than  in  the  normal  animal  (fig, 
2,  A  and  B).  This  is  exactly  contradictory  to  Carlson's  results  on  dogs 
(0),  yet  he  states  that  this  was  what  he  expected  to  find,  namely — on 
augmentation  of  the  inhibition  through  the  splanchnics  after  section  of 
the  vagi. 

S.  The  effed,  of  complete  aedion  of  the  vagi  and  splatu^nu:  nerves. 
Combined  splanchnic  and  vagi  sections  were  made  on  ten  frogs  and  af- 
ter recovery  from  the  deration  records  of  the  gastric  movements  were 
continued  from  two  to  three  weeks  and  compared  with  those  from  the 
normal  stomach  of  the  same  animal.  Both  sets  of  nerves  were  sec- 
tioned at  the  same  operation. 

After  this  complete  isolation  of  the  frog's  stomach  from  the  central 
nervous  system  the  movements  of  the  empty  stomach  are  much  the 
same  as  when  the  vagi  alone  are  severed.    The  contractions  show  a 
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tendency  to  approach  or  even  in  some  cases  to  exceed  the  nomiBl, 
while  at  times  they  may  even  be  identical  in  rate  and  character  with 
those  of  the  intact  stomach,  but  on  the  whole  they  are  of  a  slightly 
slower  rate  and  more  irregular.  The  stomach  passes  into  a  hypotonic 
condition  similar  to  that  aftt^r  section  of  the  vagi,  and  therefore  the 
slight  changes  in  the  movements  of  the  empty  stomach  after  isolation 
from  the  central  nervous  sj-sttm  must  be  due  primarily  to  the  persistent 
hypotonus.  These  results  are  in  general  confirmatory  with  those  of 
Cannon  (S)  on  cats  and  Carlson  (9)  on  dogs. 

The  inhibition  of  the  movements  of  the  empty  stomach  by  acid  stim- 
ulation of  the  gastric  mucosa  persists  after  complete  isolation  of  the 
stomach  from  the  central  nervous  system, 
but  the  inhibition  like  that  found  by 
Carlson  (12)  in  dogs  is  diminished  in  in- 
tensity and  duration.  There  is  a  gradual 
and  slow  diminution,  both  in  the  rate  and 
amplitude  of  the  hunger  contractions  but 
_P  as  a  rule  this  does  not  produce  comfdete 
inhibition  in  the  frog.  The  inhibition  is 
Fig.  3.  Splanchnet'jmJEed  therefore  primarily  a  local  reflex  deter- 
stomach  superimposed  upon  the  mined  by  the  local  gastric  mechanism 
vagotomiipd  Btrmach  from  two  „,ther  than  by  the  character  of  the  central 
fngs  ct  equal  Bize  weight  and  j^^^rvation  or  the  central  inhibition, 
vigor.      A,     splanchaetomiied    „.  ,  ,  .... 

Btomach.  B,  vagotomiied  Btom-  Smce  the  type  of  gastnc  activity  after 
ach.  E,  esophagua.  P,  pyloric  complete  isolation  of  the  stomach  from 
portion  of  stom&ch.  Note  the  the  central  nervous  system  does  exhibit 
hypertonic  condition  of  Btomach  ^j^^  typical  movements  of  the  empty 
stomach,  the  primary  stimulus  to  these 
contractions  is  not  to  be  sought  in  the  extrinsic  nerves.  The  extrinsic 
nerves  (vagi  and  splanchnics)  must  therefore  be  considered  imder  normal 
conditions  to  play  the  important  rdle  of  modifying  or  regulating  a 
primary  automatic  mechanism  in  the  stomach  wall. 

4.  Extirpation  of  stomachs  after  section  of  vagi  and  splanchnic  nenes. 
Early  in  the  course  of  the  Investigation  it  was  observed  that  the  stom- 
achs of  splanchnetomized  and  vagotomized  animals  exhibited  rather 
wide  variations  in  size,  depending  on  whether  the  vagi  or  the  splanch- 
nic nerves  had  been  previously  severed.  This  phase  of  the  problem  was 
investigated  on  ten  splanchnetomized  and  ten  vagotomized  animals  and 
the  stomachs  were  removed  from  three  toten  days  after  the  operation, 
directly  after  the  killing  of  the  animals  and  while  the  hearts  were  still 
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beating.  In  the  selection  of  these  animals  care  was  taken  to  select 
frogs  of  equal  size,  weight  and  vigor.  The  results  of  these  experiments 
are  conclusive  in  showing  that  the  same  general  infiuence  which  the 
vagi  and  splanchnic  nerves  exert  separately  on  the  gastric  apparatus 
may  be  shown  when  the  splanchnetomized  stomach  is  superimposed 
upon  the  vagotomised  stomach  from  two  frogs  of  equal  size.  The 
latter  or  larger  stomach  represents  the  atonic  and  the  former  or  smaller 
the  hypertonic,  while  the  normal  stomach  takes  an  intermediate  posi- 
tion between  the  two  (fig.  3).  It  may  be  said,  therefore,  that  the  re- 
ciprocal or  contrary  innervation  of  Meltzer  which  may  be  termed  an- 
tagonistic tonus,  may  be  physiolc^cal  as  long  as  it  serves  the  purposes 
of  the  oi^an  in  question  in  a  beneficial  manner.  It  is  pathological  as 
soon  as  the  tonus  of  one  or  the  other  is  so  exaggerated  that  the  common 
welfare  of  the  otgan  is  in  danger,  and  that  is  exactly  what  happens  in 
the  splanchnetomized  frog's  stomach  where  the  hypertonus  of  the  vagus 
leads  to  a  state  of  over-excitability,  or  to  the  Eppinger-Hess  condition 
of  vagotonia. 

PSTCHIC  OB  REFLEX  INHIBITION  OP  THE   GASTRIC  HUNQEH  MOVEMENTS 

It  was  suggested  to  me  by  Doctor  Rogers  early  in  the  course  of  this 
investigation  that  it  might  be  well  to  study  certain  cerebral  processes 
in  relation  to  the  refiex  effects  on  gastric  activity.  Previous  work  on 
other  animals  has  demonstrated  that  anything  which  interests,  annoys, 
frightens  or  angers,  leads  to  a  temporary  inhibition  of  the  gastric  hunger 
contractions  probably  via  splanchnics.  Furthermore,  the  sight  or 
smell  of  food  in  the  dog,  at  least,  leads  to  this  same  temporary  inhibi- 
tion if  not  too  often  repeated.  In  order  to  test  further  the  very  im- 
portant reflex  control  of  the  gastric  hunger  mechanism,  as  well  as  of  the 
nervous  foci  in  the  medulla,  mid-brain  and  cerebrum  concerned  in  the 
conduction  of  sensory  and  motor  hunger  impulses,  the  effects  of  sound 
and  light  stimuli  were  made  use  of  in  the  following  experiments.  The 
observations  were  made  on  six  frogs  which  were  later  decerebrated  and 
the  observations  repeated.  In  the  case  of  the  sound  stimuli,  whistles 
of  different  pitches  were  sounded  for  periods  of  from  ten  to  twenty  sec- 
onds but  these  caused  only  very  slight  gastric  inhibition  which  was  of 
short  duration  and  after  two  or  three  repetitions  it  invariably  becami' 
ineffective,  thus  defeating  the  object  of  the  experiment.  Even  the  filing 
of  a  glftss  rod  on  the  table  containing  the  animal  was  fully  as  ineffective 
in  producing  inhibition  although  a  second  factor  must  have  been  intro- 
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duoed,  that  of  vibration.  All  of  these  stimuli  were  of  minimal  or  very 
moderate  intensity  and  evidently  not  of  sufficient  strength  to  produce 
an  effective  and  constant  reflex,  or  else  the  central  nervous  mechanism 
for  this  reflex  is  at  a  low  degree  of  development. 


Fig.  4.  Records  from  the  empty  etomach  of  frop.  A,  frog  nine  Asjt  after 
HctioD  of  both  vagi  with  aplanchnics  intact;  B,  frog  eight  daya  after  Hction  of 
both  splanchnic  nerves  with  vagi  intact;  C,  frog  nine  days  aiter  section  of  the 
▼agi  and  splanchnic  nerves,  x  to  x,  light  and  darlcness  shadow  test  showing  tein- 
potary  inhibition  in  A;  very  slight  inhibition  in  B;  and  total  absence  of  psychic 
or  reflex  inhibition  in  C,  in  cue  of  the  stomach  isolated  from  the  central  nervous 

The  light  stimulus,  on  the  other  hand,  proved  to  be  more  effective. 
The  room  was  darkened  by  drawing  the  shades  and  while  the  normal 
hunger  contractiona  were  being  recorded  the  animal  was  carefully  un- 
covered and  the  bottom  of  the  window  shade  directly  opposite  drawn 
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back  and  forth  quietly  and  at  a  moderate  rate,  thus  casting  light  and 
dark  shadows  upon  the  aninuU.  This  inTariably  produced  temporary 
inhibition  of  the  movements  of  the  empty  stomach  and  there  seemed 
to  be  no  diminution  in  the  degree  of  the  inhibition  after  repeated  trials. 
After  removal  of  the  cerebral  hemispheres  there  was  total  absence  of 
the  reflex  inhibition  and  the  contractions  went  on  uninterrupted.  It 
would  appear  that  the  central  nervous  mechanism  for  this  reflex  was 
more  highly  developed  than  that  for  sound.  In  other  words,  from  the 
animal's  standpoint  it  may  be  considered  an  important  defeqsiTe  reflex 
to  warn  it  of  its  avian  enemies  as  they  soar  through  the  air,  thus  anxiety 
and  fear  leading  to  the  characteristic  temporary  inhibition  of  the  gastric 
himger  movements. 

When  the  light  and  darkness  shadow  test  was  applied  to  an  animal 
after  complete  section  of  the  vagi  with  the  splanchnics  intact  it  invari- 
ably led  to  a  temporary  inhibition  of  the  gastric  hunger  movements 
via  splanchnic  nerves  (fig.  4,  A).  If  the  same  test  was  applied  to  an 
animal  after  complete  section  of  the  splanchnic  nerves  with  the  vt^ 
intact  it  invariably  led  to  only  a  very  slight  inhibition  of  the  gastric  hun- 
ger movements,  as  represented  by  a  slight  and  transitory  weakening  of 
the  contractions  (fig.  4,  B).  This  slight  degree  of  inhibition  usually 
in  evidence  after  section  of  the  splanchnic  nerves  is  probably  due  to  the 
action  of  the  few  inhibitory  fibers  in  the  intact  vagi  or  to  some  central 
inhibition  of  vf^us  tonus.  In  the  case  of  the  stomach  completely  iso- 
lated from  the  central  nervous  system  (vagi  and  splanchnic  nerves  cut) 
there  is  total  absence  of  any  psychic  or  reflex  inhibition  since  the  effer- 
ent nerve  pathways  to  the  stomach  have  been  broken  by  the  sectioning 
of  all  the  extrinsic  nerves  (fig.  4,  C). 

C0NCHJ8I0N8 

1.  Comidete  isolation  of  the  frog's  stomach  from  the  central  nervous 
system  leads  to  hypotonus  of  the  stomach  with  about  the  normal  type 
of  gastric  hunger  contractions.  This  is  in  confirmation  with  the  work 
of  Carlson  on  d(^.  The  automaticiCy  of  the  gastric  mechanism  is  in- 
dependent of  the  extrinsic  nerves  but  these  nerves  play  an  important 
rAle  in  modifying  or  regulating  the  automatic  mechanism  in  the  stomach 
wall. 

2.  Partial  isolation  of  the  stomach  from  the  central  nervous  system 
interrupts  the  norma]  antagonistic  balance  between  the  vagi  and  splanch- 
nic ^sterns  which  may  lead  to  pathological  reactions  such  as  vagotonia 
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after  complete  section  of  the  splanchnic  nerves.  Tbe  stomach  in  this 
condition  becomes  strongly  hypertonic  while  after  complete  section  of 
the  vagi  with  the  splanchnics  intact  the  stomach  passes  into  a  hypo- 
tonic condition. 

3.  Tbe  acid  inhibition  of  the  movcmentB  of  the  empty  stomach  by 
stimulation  of  the  gastric  mucosa  persists  after  complete  isolation  of 
the  stomach  from  the  central  nervous  system,  but  the  inhibition  is 
diminished  in  intensity  and  dm^tion.  When'  the  ^lancbnics  alone 
are  sectioned  the  inhibition  is  even  less  marked,  butafter  section  of  the 
vagi  with  the  splanchnics  intact  there  b,  on  the  whole,  a  slight  aug- 
mentation in  tbe  inhibition  via  these  nerves.  This  latter  statement  is 
contradictory  to  the  findings  of  Carlson  on  dogs,  while  the  other  facts 
above  are  in  accord. 

4.  The  light  and  darkness  shadow  test  invariably  produces  psychic  or 
refiex  inhibition  of  the  gastric  hunger  movements  in  the  normal  animal. 
After  decerebration  or  after  complete  isolation  of  the  stomach  from  the 
centra!  nervous  system  there  is  total  absence  of  the  light  reflex  on  the 
gastric  mechanism.  When  the  vagi  alone  are  sectioned  temporary 
inhibition  is  the  result,  while  after  section  of  the  splanchnics  with  the 
vagi  intact  there  is  only  very  sUgbt  inhibition  produced. 
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The  studies  of  Cannon  (I)  and  his  co-workers  on  the  effects  of  the 
major  emotions  on  the  physiological  activities  of  the  vegetative  nervous 
system  have  established  and  clarified  certain  fundamental  phenomena 
of  general  biol<^cal  importance  that  are  wide-reaching  in  their 
application. 

While  the  primary  consequences  of  emotional  stimulation  have  been 
extensively  studied,  the  secondary  involvements  such  as  might  be 
evidenced  in  the  variability  of  the  intermediary  metabolism  have  yet 
to  be  studied.  The  emotional  ignition  of  the  vegetative  neural  com- 
plexes can  hardly  be  supposed  to  be  limited  to  a  circumscribed  reaction 
but  must  indeed  reverberate  throughout  the  oi^anism  as  a  whole. 

It  is  obvious  that  it  is  possible  to  divide  mankind  into  two  main 
groups  according  to  temperament  or  relative  emotional  stability,  be- 
tween the  extremes  of  which  there  may  exist  all  gradations  of  suscepti- 
bility to  emotional  excitation.  There  are  those  who  are  relatively 
emotionally  stable,  who  pursue  the  even  tenor  of  their  way  apparently 
and  actually  undisturbed  by  the  surrounding  daily  happenings.  And 
there  are  those  whose  temperaments  are  of  the  hair-trigger  type,  whose 
emotions  are  always  on  tap  and  who  respond  to  the  shghtest  stimulus 
with  a  magnitude  of  reaction  all  out  of  proportion  to  the  value  of  the 
stimulus  received.  Whatever  the  causes  of  these  differences  of  suscep- 
tibility and  response  as  evidenced  in  the  differences  of  emotional  stabil- 
ity, the  results  on  the  recipient  and  effector  organism  must  of  neces- 
sity be  widely  different.  That  these  responses  primarily  involve  the 
vegetative  nervous  system  has  been  definitely  demonstrated.  That 
they  secondarily  involve  the  intermediary  metabolism  should  be 
expected  since  the  processes  of  digestion,  secretion,  absorption,  utiliza- 
tion and  excretion  are  all  directly  or  indirectly  bound  up  with  the 
directing  or  controlling  influence  of  this  part  of  the  nervous  system. 
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During  the  past  year  opportunity  was  afforded  the  writer  to  study 
the  chemical  composition  of  the  blood  of  emotionally  stable  and  un- 
stable insane  and  normal  persons.  The  classification  of  the  emotional 
status  of  the  individuals  presented  in  this  study  was  arrived  at  by 
consultation  with  the  physicians  in  actual  contact  with  the  patients 
and  by  personal  observation  over  considerable  periods  of  time.  The 
analyses  of  the  bloods  were  carried  out  as  reported  in  a  previous  com- 
mimication  (2)  and  for  the  series  under  discussion  here  were  made  at 
weekly  intervals  on  the  seventeen  subjects  reported.  The  duration  of 
the  periods  of  observation  varied  from  three  to  six  weeks. 
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As  a  basis  of  correlation  between  the  emotional  and  metabolic  stabil- 
ity, the  coefficient  of  variability  (3)  for  each  blood  constituent  deter- 
mined for  each  individual  was  calculated  and  the  sum  of  these  coeffi- 
cients was  taken  as  the  total  variability  of  the  intermediary  metabolism 
of  the  person  in  question.  Table  1  gives  these  figures  for  each  con- 
stituent determined  in  each  subject.  The  subjects  are  arranged  in  the 
order  of  their  decreasing  variability. 

An  inspection  of  the  table  shows  that  while  the'  differences  in  vari- 
ability of  one  individual  from  the  next  is  small,  there  is  a  very  evident 
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marked  difference  between  those  of  highest  and  of  lowest  metabolic 
instability,  and  this  marked  difference  is  correlated  with  a  marked 
difference  in  emotional  reactivity  if  we  consider  the  subjects  seriatim 
from  the  psychological  point  of  view. 

Number  1  is  a  male  nurse  of  the  small  nervous  type,  easily  upset  by 
minor  occurrences  and  with  a  continual  attitude  of  worry.  Number  2 
is  a  female  patient,  who  although  being  completely  oriented,  varies  in 
her  emotionalism  from  deep  depression  with  decreased  psycho-motor 
activity  to  a  wild  hilarity  and  excitement.  Number  3  is  a  male  patient, 
restless,  talkative,  active  and  excitable,  showing  much  exhilaration  and 
fiightiness.  Number  4  is  a  male  patient  classed  as  an  agitated  depres- 
sive and  who  has  firmly  fixed  somatic  and  autopsychic  delusions. 
Number  5  is  a  male  nurse,  irritable,  suspicious  and  touchy,  possessing 
neither  decision  nor  attention.  Number  6,  the  last  of  those  showing  a 
total  variability  of  over  100,  is  also  a  male  patient,  restless,  irritable 
and  excitable,  showing  considerable  emotional  elation.  The  next  two 
members  of  the  series  are  also  of  the  emotionally  unstable  type,  number 
8  being  a  female  patient  showing  considerable  perturbation  and  violence 
accompanied  by  motor  activity,  screaming,  laughing  and  hallucina- 
tions, while  number  9  is  a  male  presenting  a  history  of  bypersensitive- 
ness,  and  who  becomes  apprehensive  under  examination,  is  easily 
depressed  and  worries,  althoi^h  at  other  times  he  is  more  cheerful. 
All  these  individuals  so  far  described,  then,  can  be  validly  considered 
as  persons  of  varying  emotionalism  and  of  obvious  emotional  instability. 
They  are  also  individuals  whose  metabolic  variability  is  of  a  relatively 
high  grade,  as  can  be  seen  from  the  table.  Turning  now  to  the 
remainder  of  the  subjects  the  next  on  the  list,  no.  10,  shows  a  meta- 
bolic  variability  that  is  practically  the  same  as  found  in  the  latter 
members  of  the  preceding  group.  Yet  his  emotional  status  to  all 
appearances  is  one  of  relative  stability  as  far  as  can  be  determined. 
He  is  pleasant  and  agreeable  and  inclined  to  be  seclusive.  He  is  quiet 
and  not  irritable.  An  inspection  of  the  figures  obtaided  for  the  meta- 
boUc  stability  from  now  on  shows  not  OQly  gradually  decreasing  values 
but  also  values  definitely  and  markedly  lower,  as  a  group,  from  those 
preceding.  Number  11,  a  male  patient,  is  quiet  and  sits  as  though  in 
deep  thought.  He  is  of  rather  an  even  temperament,  occasionally 
becomes  angry,  but  is  usually  able  to  control  himself.  Number  12  is  a 
male  patient,  quiet,  maintaining  a  given  posture  for  some  length  of 
time,  sits  rigidly  in  a  chair  and  stares  vacantly  into  space.  He  is 
indifferent  toward  his  surroundings.    Number  13  is  a  female  patient 
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who  is  emotionally  apathetic  and  indifferent.  Number  14,  a  male 
patient,  is  at  times  excitable  but  is  only  apparently  superficially  dis- 
turbed  since  he  eats  regularly  and  well.  Number  15,  a  male  patient, 
was  in  a  catatonic  stupor  throughout  the  period  of  observation  and 
obviously  was  not  emotionally  variable,  to  any  determinable  extent. 
Number  16,  another  male  patient,  is  never  excited  but  is  always  indif- 
ferent, apathetic  and  seclusive.  Number  17,  the  last  of  the  series,  is  a 
male  nurse,  the  emotional  antithesis  of  number  1.  He  is  phlegmatic 
and  inexcitable,  paying  no  attention  to  the  ordinary  httle  vicissitudes 
of  life. 

From  the  psychological  point  of  view  it  is  evident  that  these  latter 
individuals  present  the  appearance  of  being  relatively  emotionally 
stable.  As  a  group  they  are  generally  inexcitable  and  are  not  roused 
to  demonstrable  emotional  reactions  by  circumstances  which  act  as 
stimuli  causing  the  marked  response  of  the  first  group  of  high  metabolic 
variabihty. 

This  relation  between  a  relatively  high  metabolic  stability  and  a 
low  grade  of  emotional  reaction,  and  between  a  relatively  low  meta- 
bolic stability  and  a  condition  of  temperamental  excitability  is  by  no 
means  claimed  to  be  exact  or  quantitative.  Nevertheless  the  data 
seem  to  indicate  such  a  tendency. 

The  logical  conclusion  to  be  drawn  from  this  comparison  is  that 
latter  variations  in  intermediary  metabolism  are  prone  to  accompany 
conditions  of  ready  emotional  response  of  a  marked  nature  to  disturb- 
ing stimulation,  and  that  on  the  other  band  the  variability  of  the 
intermediary  metaboUsm  in  individuals  who  are  less  susceptible  is 
liable  to  be  relatively  low. 

A  broader  apphcation  of  the  tendency  here  demonstrated  can  be 
made  if  for  a  moment  one  compares  the  physical  condition  of  the 
so-called  emotional  type  of  individual  with  his  more  phlegmatic  and 
less  responsive  emotional  opposite.  The  former  usually  presents  a 
picture  of  deficient  nutrition,  the  latter  is  in  most  cases  well  supplied 
with  the  anabolic  products  of  metabolism.  The  metabolism  of  the 
one  by  its  wide  variabihty  gives  indications  of  the  possibility  of  there 
being  at  one  time  an  overtaxing  of  the  organism,  and  at  another  time 
of  the  organism  lacking  a  sufficient  energy  supply.  The  other  type  is 
relatively  more  metabolically  uniform.  His  metabohsm  consists  of  a 
balanced  give  and  take,  in  which  no  undue  strain  is  put  on  the  cata- 
bolic  processes  nor  is  there  a  lack  of  sufficient  material  to  supply  the 
anabolic  needs.    The  results  of  these  processes  are  shown  in  the  end 
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products,  as  indicated  by  the  figures  for  variability  here  presented, 
and  the  causes  are  fairly  attributable,  other  factors  being  absent,  to 
the  relative  magnitude  and  type  of  emotional  response  of  the  indi- 
vidual to  the  incident  stimuli. 

Such  a  conception  while  lacking  complete  demonstration  is  never- 
theless supported  by  correlated  observations  and  fits  in  not  only  with 
the  observations  recorded  here  but  f^so  with  the  general  hypotheses  of 
Cannon  (1)  as  to  the  susceptibility  of  the  organism  to  respond  to  the 
effects  of  emotional  stimuli  by  disturbances  of  the  vegetAtive  nervous 
system. 
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The  usual  reaponae  of  the  isolated  duodenal  s^ment  from  the  albino 
rat  intestine  is  that  of  shortening  or  contraction  when  stimulated  by  the 
application  of  weak  solutions  of  sodium  carbonate.  Occasionally  bow- 
ever  segments  are  encountered  that  exhibit  irregularities  in  the  type 
of  response.  One  may  f^l  to  react  to  the  stimulating  substance,  an- 
other may  answer  by  a  preliminary  slight  contraction  which  is  foUowed 
by  a  relaxation  below  the  original  tone  level  from  where  the  response 
was  elicited,  while  a  third  may  undergo  a  prompt  and  decided  relaxa- 
tion.   This  last  is  the  irregularity  most  frequently  encountered. 

This  occasional  inconstancy  in  reaction  of  s^ments  from  apparently 
normal  animals  which  showed  itself  at  tifties  as  a  complete  reversal 
of  the  type  of  response  demanded  investigation  because  it  was  neces- 
sary for  our  purposes  to  have  rats  on  hand  the  intestinal  segments  of 
which  could  be  reUed  upon  to  give  uniform  and  consistent  reactions  to 
stimulation  by  weak  sodium  carbonate  solutions. 

The  inconstant  responses  could  not  be  attributed  to  variations  in  the 
technique  of  preparation  of  the  s^^ents  nor  to  the  carrying  out  of  the 
tests  since  this  was  always  uniform.  The  control  of  the  rats  up  to  the 
time  of  killing  with  respect  to  age,  sex,  health,  heredity  and  diet  was 
also  in  the  hands  of  the  authors  and  consequently  these  factors  were 
regulated.  The  preliminary  observations  which  gave  satisfactory 
results  had  been  made  on  rats  which  had  been  for  some  time  in  the  lab- 
oratory cages.  Irregularities  first  began  to  appear  when  animals  were 
used  before  they  had  become  accustomed  to  the  laboratory  cages. 

Donaldson  (I)  having  reported  that  the  domesticated  albino  rat  is 

extremely  sensitive  to  changes  in  environment,  we  began  to  think  that 

IMSsibly  the  change  from  the  colony  house  to  the  laboratory  had  in- 
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duced  an  excitement  causii^  the  variations.  This  idea  that  excitement 
was  the  cause  of  the  irregularities  was  considerably  fortified  when  the 
a^ment  taken  from  a  rat  which  bad  resisted  capture  and  bad  become 
quite  agitated  gave  a  marked  relaxation  on  stimulation  by  carbonate. 
The  test  of  this  hypothesis  was  easy. 

The  method  of  procedure  for  the  preparation  of  the  segments  for 
testing  was  as  follows.  The  rat  was  first  put  under  l^t  ether  anesthesia 
and  then  killed  by  crushing  the  cord  in  the  cervical  region.  The  duo- 
denal portion  of  the  intestinal  tract  was  then  removed  without  stretch- 
ing, and  cleaned  of  mesenteric  fat.  A  segment  about  1.5  cm.  in  length 
was  cut  from  the  gastric  end  of  the  duodenum  and  suspended  by  silk 
threads  in  a  glass  cell  cont^ning  4  cc.  of  Tyrode's  solution  kept  at 
body  temperature  and  throi^  which  oxygen  was  continually  passing. 
One  end  of  the  s^ment  wbb  attached  by  a  thread  to  a  support  within  the 
cell  and  the  other  end  was  connected  with  a  light  lever  writing  on  a 
slowly  moving  drum.  Rhythmical  contractions  immediately  appeared 
and  were  recorded  for  one  revolution  of  the  drum  (about  10  minutes) 
by  which  time  the  tone  level  had  become  uniform  and  consistently 
parallel  with  the  base  line. 

With  segments  prepared  in  this  way  the  addition  of  0.25  or  0.50  cc. 
of  an  M/10  solution  of  sodium  carbonate  to  the  Tyrode's  solution  in 
the  cell  usually  caused  a  shortening  of  the  segment  with  a  consequent 
rise  of  the  curve  of  rhythmical  contractions  as  is  shown  in  the  tracings. 
It  was  possible  to  obtain  this  type  of  reaction  from  one  and  the  same 
segment  for  several  successive  applications  of  the  carbonate.  After  each 
^plication  the  cell  and  segment  were  thoroi^hly  washed  with  o:^- 
genated  Tyrode's  solution  kept  at  body  temperature.  After  washing 
the  segment  as  a  rule  came  back  to  the  or^nal  tone  level  within  one 
revolution  of  the  drum  and  was  then  ready  for  another  test.  The  tests 
as  presented  in  figures  1  to  5  were  obtained  in  this  manner. 

In  order  to  determine  whether  the  excitement  of  the  rat  brought 
about  either  by  change  of  environment  or  by  other  means  was  a  factor 
in  causing  the  irregularities  previoiisly  described,  a  mmiber  of  male 
rats  of  the  same  age  and  on  the  same  diet  were  brought  to  the  laboratory 
cages  and  allowed  to  become  accustomed  to  the  new  environment  dur- 
ing three  or  four  days.  When  a  segment  from  one  of  the  lot  was  pre- 
pared as  usual  and  tracings  of  the  effect  of  the  sodium  carbonate  stimu- 
lation recorded  the  nonnal  reaction  was  invariably  obtained.  When 
others  of  the  same  lot  were  annoyed  by  various  methods  just  before 
killing  and  similar  tracings  made  the  irregularity  of  reaction  occurred 
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in  practically  every  case  and  usually  took  the  form  of  a  reversal  of  tbe 
type  of  response  as  shown  in  figure  1.  Occasionally  however  an  animal 
was  found  which  did  not  appear  to  be  susceptible  to  the  preliminary 
excitation.  Such  an  one  is  shown  in  figure  2,  rat  C.  Nevertheless  the 
relative  frequency  of  the  irregularity  was  such  as  to  establish  the  hy- 
pothesis that  excitement  is  one  of  the  factors  causing  variation  in  the 
response  of  the  isolated  intestinal  segment  to  sodium  carbonate  stimu- 
lation. In  this  connection  it  should  be  noted  that  although  relaxa- 
tion occurs  in  the  s^ments  from  excited  animals,  this  type  of  response 
gives  way  to  the  normal  type  after  several  applications  of  the  sodium 
carbonate. 

The  results  described  in  the  preceding  paragraphs  were  obtained  from 
rats  close  to  one  hundred  days  old.  Desirous  of  not  limiting  our  ma- 
terial to  animals  of  this  age,  we  attempted  to  continue  the  observations 
OD  rats  one  hundred  and  fifty  days  old.  Here  it  was  found  that  while 
evidences  of  irregularities  were  present  in  rhythm,  amplitude  and  base 
line  level,  the  type  of  response  was  usually  a  normal  contraction.  When 
we  used  a  series  of  rats  some  two  hundred  days  old  it  was  found  that 
these  older  animals  were  quite  insusceptible  to  the  effects  of  the  pre- 
liminary excitation  as  indicated  by  the  response  of  the  duodenal  seg- 
ment to  carbonate  stimulation.  This  is  plainly  shown  in  figure  3- 
There  were  no  exceptions.  It  is  accordingly  evident  that  the  disturb- 
ing effect  of  excitement  is  modified  by  age  and  that  immaturity  is  one 
of  tbe  factors  causing  susceptibility  to  excitement  with  resulting  irregu- 
larities of   response. 

The  exclusive  use  of  male  rats  has  certain  obvious  disadvantages. 
With  this  point  in  mind  several  series  of  tests  were  made  using  as  con- 
trols undisturbed  males  and  comparing  with  them  females  of  like  age 
and  conditions  of  environment  and  diet.  It  was  found  that  when  fe- 
male rats  were  used  the  response  of  the  segment  to  the  sodium  carbon- 
ate stimulation  was  normal  if  the  animals  were  not  menstruating. 
When  menstruatii^,  however,  as  evidenced  by  congestion  of  the  uterus, 
variability  of  response  was  uniformly  obtained  and  of  the  same  type  as' 
that  given  by  segments  from  the  young  disturbed  male  rats.  This  is 
shown  in  figure  4.  Hence  menstruation  is  a  factor  preventing  the  uni- 
form response  to  carbonate  stimulation,  and  the  test  demonstrates 
that  female  rats  during  sexual  activity  are  not  suitable  material  for 
general  use. 

The  observations  up  to  this  point  contribute  further  support  to  Can- 
non's (2)  theory  of  the  influence  of  emotional  reactions  on  the  vegetative 
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system.  They  also  bear  out  with  more  exactness  the  observation  made 
by  Alvarez  (3)  that  the  intestine  of  younger  animals  (rabbits  in  hia 
experiments)  tends  to  be  mora  unstable  than  does  that  of  the  older. 

It  seemed  desirable  to  determine  the  immediate  cause  of  these  phe- 
nomena. In  view  of  Cannon's  (2)  studies,  the  conception  of  an  endo- 
crine origin  of  the  differences  has  a  certain  plausibility.  Against  this 
notion  is  our  obaervabion  that  we  were  unable  to  obtain  any  but  a 
normal  response  to  carbonate  stimulation  fronv  the  segment  from  the 
normal  animal  after  application  in  vitro  of  extracts  of  the  homologous 
adrenals,  hypophysis  or  thyroid.  The  dependence  of  the  normal  mode 
of  movement  of  the  intestine  on  the  int^rity  of  Auerbach's  plexus  as 
demonstrated  by  Magnus  (4)  and  the  hypothesis  that  emotional  dis- 
turbances spread  to  the  vegetative  system,  in  part  at  least,  through  the 
Bplanchnics,  led  us  to  study  the  effect  of  stimulating  the  superior  splanch- 
nic. The  rats  used  were  all  males  of  the  same  age  and  living  in  the 
same  conditions.  The  tracings  obtained  are  given  in  figiu-e  5.  The 
tracing  A  was  made  by  the  isolated  segment  of  an  undisurbed  rat  when 
stimulated  by  M/10  sodium  carbonate.  It  is  normal.  The  tracing  B 
was  made  by  the  segment  from  a  rat  that  had  been  annoyed  and  shows 
the  characteristic  effect  of  excitement  on  the  response.  Tracing  C 
was  made  bt  the  se^^entfrom  an  undisturbed  rat  which  had  been  opened 
immediately  after  killing  and  the  splanchnic  nerve  electrically  stimu- 
lated before  .removal  of  the  segment.  It  is  quite  evident  that  in  this 
case  the  preliminary  splanchnic  excitation  has  induced  chaises  in  the 
intestine  of  a  nature  that  has  caused  the  s^;ment  to  respond  as  do  seg- 
ments obtained  from  young  emotionally  excited  males.  Splanchnic 
irritation  is  therefore  a  fourth  factor  in  causing  irregularity  in  response 
to  sodium  carbonate  stimulation.  The  unusual  height  to  which  the 
curve  rises  is  noteworthy  although  no  explanation  can  be  offered  for 
the  intense  response  after  the  preliminary  relaxations.  This  relaxa- 
tion on  the  application  of  the  sodium  carbonate  solution  to  the  duodenal 
s^Cment  isolated  after  splanchnic  stimulation  is  similar  in  type  to  the 
relaxation  of  the  intestinal  segment  of  the  intact  animal  after  splanch- 
nic stimulation  alone,  as  obtained  by  Baylies  and  Starling  (5),  and  is 
verj-  suggestive. 

Of  the  four  factors  so  far  investigated  it  seems  as  if  the  last  revealed 
the  path  for  the  expression  of  the  other  three.  There  is  at  present  no 
reason  to  suppose  that  the  splanchnic  stimulation  could  so  affect  the 
adrenals  as  to  cause  a  secondary  reaction  through  the  mediation  of 
adrenalin  on  the  intestinal  s^ment  since  there  was  no  vascular  circula- 
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tion  at  the  time  stimulation  begap.  And  further,  we  showed  earlier 
that  adrenalin  did  not  modify  the  response  to  sodium  carbonate.  Con- 
sequently we  are  inclined  to  the  opinion  that  the  irregularities  of  re- 
sponse observed  are  due  to  disturbances  of  the  intestinal  plexus. 


These  experiments  demonstrate  that  the  normal  response  of  an  iso- 
lated duodenal  segment  of  the  albino  rat  to  sodium  carbonate  stimula^ 
tion  is  one  of  sbortenii^  or  contraction  but  that  certain  factors  may 
modify  the  type  of  response. 

These  iiT^:ularities  of  response  of  the  segments  from  young,  healthy 
male  rats  are  due  to  a  condition  of  excitement  induced  in  the  animal  by 
change  of  environment  or  rough  handling  just  before  its  use  for  experi- 
mental purposes. 

The  susceptibility  of  the  intestinal  segment  to  such  external  disturb- 
ances is  modified  by  age  in  that  material  from  rats  of  two  hundred  days 
fails  to  show  the  irregularities  after  excitation. 

Female  rats  are  not  suitable  subjects  for  general  studies  of  this  nature 
inasmuch  as  the  act  of  menstruation  sets  up  such  changes  in  the  intes- 
tinal s^nlent  as  to  cause  it  to  respond  in  a  manner  analogous  to  the 
segment  from  young  excited  male  rats. 

The  electrical  stimulation  of  the' splanchnic  nerve  of  a  normal  undis^ 
turbed  male  rat  before  the  removal  of  the  segment  results  in  the  produc- 
tion of  a  similar  type  of  response  to  carbonate  stimulation  as  is  that 
obtained  from  the  segment  of  the  excited  rat  of  the  same  age.  This 
inclines  us  toward  the  hypothesis  that  the  irregularities  of  response 
here  observed  are  due  to  disturbances  of  the  intestinal  plexus. 

CONCLUSION 

It  is  possible  to  obtain  an  intestinal  segment  which  will  give  a  uni- 
fonn  and  consistent  response  to  sodium  carbonate  stimulation.  The 
gastric  end  of  a  duodenal  s^ment  satisfies  these  requirements  when 
taken  from  healthy  male  adult  albino  rats  ei(^ty  to  two  hundred  days 
old  some  fifteen  hours  after  the  last  feeding  and  in  which  no  emotional 
disturbance  has  been  induced  by  recent  changes  of  environment  or 
rough  handling.  Excitement,  age,  menstruation  and  electric  stimula- 
tion of  the  splanchnic  nerves  are  factors  tending  to  cause  changes  in 
the  type  of  response  of  the  segment  to  sodium  carbonate. 


,v  Google 


^2  B.   HATAI  AND  P.  6.  HAyUBTT 

BIBLIOGRAPHY 

<1)  Donaldson:  Memoirs,  Wistar  Inst,  of  ADBtomy  and  Biology,  Philadelphia 
1915,  63. 

(2)  Cavkon:  Bodily  changes  in  pain,  hunger,  fear  and  rage.  New  York,  1915. 

(3)  Alvarei:  This  Journal,  1914,  xxxv,  177. 

(4)  Maondb:  PflQeer'a  Arch.,  1904,  cii,  349. 

(6)  Baylibs  and  Starlino:  Journ.  Physiol.,  1899,  niv,  99;  1902,  xxvi,  125. 


,v  Google 


THE  ADJUSTMENT  OF  BLOOD  VOLUME  AFTER  INJECTION 
OF  ISOTONIC  SOLUTIONS  OF  VARIED  COMPOSITION" 

ARTHUR  H.  SMITH  and  LAFAYETTE  B.  MENDEL 


Received  for  publication  June  12,  1920 

Water  plays  such  a  large  part  in  the  physical  regulation  of  funda- 
mental physiological  processes  as  well  as  in  the  chemical  transforma- 
tions in  the  body,  that  the  lack  of  suitable  amounts  or  the  abnormal 
distribution  of  fluid  in  the  body  may  be  correlated  with  distinctly  path- 
ological conditions.  Volume  changes  in  the  body  take  place  only 
through  the  movement  of  water. 

The  various  types  of  edema  illustrate  what  may  happen  when  there 
is  an  abnormal  distribution  of  water  in  the  body.  Besides  the  edema 
associated  with  cardiac  and  renal  diseases  we  may  add  another  type 
known  as  niitritional  edema.  The  etiology  of  neither  of  these  condi- 
tions ia  clear. 

There  are  also  conditions  in  which  water  is  lost  from  the  body  to 
such  an  extent  that  desiccation  takes  place  and  the  blood  becomes  ex- 
ceedingly concentrated.  Such  a  condition  prevails  in  Asiatic  cholera 
in  fatal  cases  of  which  Rogers  (1)  has  reported  a  serum  loss  of  62  per 
cent.  Intravenous  injection  of  isotonic  saUne  solution  in  such  cases  is 
at  once  followed  by  diarrhea  with  the  resulting  loss  of  all  the  added 
water.  In  war  gas  poisoning  Underbill  (2)  has  described  the  marked 
loss  of  water  from  the  blood  and  the  movement  of  water  into  the  lungs. 

The  mechanism  of  the  loss  of  heat  from  the  body  is  largely  physical 
in  character.  Balcar,  Sansum  and  Woodyatt  (3)  have  reported  experi- 
ments in  which  they  were  able  to  produce  fever  at  will  by  intravenous 
injections  of  hypertonic  glucose  solutions  provided  diuresis  ensued. 
Temperatures  of  109°,  111°  and  128°  were  thus  obtained  in  dogs.  These 
authors  have  suggested  that  in  the  body  the  water  may  be  either 
"free"  or  "combined."    The  "free"  water  is  available  for  evaporation 

>  The  data  in  this  paper  are  taken  from  a  diseertation  presented  by  Arthur  H. 
Smith  for  the  degree  of  Doctor  of  Philosophy,  Yale  University,  1920. 
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with  the  consequent  heat  loes  while  the  water  combined  with  the  col- 
loids of  the  body  is  not  available  for  beat  regulation.  Any  condition 
which  increases  the  "combined"  water  or  decreases  the  "free"  water 
leads  to  a  rise  in  temperature  due  to  the  absence  of  proper  heat  lose. 
Luseky  and  Friedsteiu  (4)  reported  that  in  cases  of  pneumonia  eoding 
in  crisis  in  infants,  there  was  a  decrease  in  body  weight  with  crisis  due 
to  loss  of  water. 

The  large  amount  of  water  in  the  cell  may  aid  considerably  in  main- 
taining the  optimum  temperature  of  the  cell,  for  water  has  a  high  specific 
heat.  The  large  percentile  of  water  in  tissues  in  which  oxidation  is 
most  intense,  may  be  correlated  with  this  unique  property  of  acting  as 
a  heat  buffer. 

Another  evidence  <A  water  movement  in  the  body  has  recently  been 
reported  by  Weed  and  McKibben  (5).  They  found  that  the  brain  in- 
creased in  volume  after  injection  of  hypotonic  salt  solutions  or  distilled 
water  and  decreased  in  volume  i^ter  hypertonic  solutions — ^theee 
changes  being  independent  of  vascular  changes  and  of  the  cerebro- 
spinal fiuid  pressure.  The  remarkable  clinical  study  of  Gushing  (6)  on 
the  alteration  of  brain  volume  after  administration  of  hypertonic  salt 
solution  per  os  indicates  that  the  brain  Ib  peculiarly  sensitive  to  tbe 
movement  of  water  in  the  tissues. 

The  question  naturally  arises  as  to  the  physical  character  of  water 
in  tbe  body.  By  drying  blood  one  finds  that  it  contains  nearly  81  per 
cent  of  water.  But  is  this  water  in  the  form  with  which  we  are  familiar? 
In  health  some  of  this  water  is  in  such  a  farm  that  it  can  be  given  aS  as 
vapor  in  the  lui^  and  can  be  appropriated  by  the  sweat  glands  and 
^ven  off  as  water.  When  one  considers,  however,  that  in  the  blood  and 
in  the  cells  there  is  really  a  solution  of  protein  and  lipoid  in  aqueous  so- 
lution of  salts,  it  becomes  apparent  at  once  that  the  physical  chemical 
relationships  of  water  to  the  other  components  <^  the  body  fluids  are 
exceedingly  complex.  Tbe  hydrophilous  colloids  probably  take  up 
water  by  adsorption  on  the  internal  or  disperse  phase.  This  adsorbed 
water  then  dissolves  in  the  substance  of  the  particles  of  the  colloid. 
Large  amounts  of  water  are  thus  taken  up  by  gums,  proteins  and  other 
emutsoid  colloids  with  the  result  that  swelling  takes  place. 

This  imbibition  of  water  is  dependent  on  a  variety  of  conditions  such 
as  hydrc^n  ion  concentration  and  nature  of  tbe  salt  present.  It  is 
to  the  study  of  some  of  these  conditions  on  the  passage  of  water  out  <A 
the  circulatiop  that  the  present  investigation  is  devoted. 
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In  the  Btudy  of  th«  application  of  physical  laws  to  the  behavior  of  colloids, 
much  importance  has  been  attached  to  the  early  work  of  Hofmeister  and  his 
pupils.  Ii«with  (7)  studied  the  efficiency  of  various  ions  in  precipitating  the 
Mrum  proteins.  The  arrangement  of  his  series  in  the  ability  to  precipitate  the 
proteins  was  as  follows:  nitrate<chloride<acetate<8ulfate.  Hofmeister  (8) 
studied  the  comparative  efficiency  of  anions  in  salting  out  egg  globulin  and 
obtained  the  following  series;  sulfate>phosphate>acetate>citrate>tartrate> 
bicarbonate>ohromate>nitrate>chlorate.  In  a  later  series  of  experiments  (9) 
be  found  that  the  order  of  efficieocy  in  precipitating  gelatin  was  sulfate  >  citrate 
>tartrate>8cetate>chloride>mtrate>chlorate.  For  the  precipitation  of  col- 
loidal iron  the  aeries  was  practically  the  same.  When  he  studied  the  swelling  of 
gelatin  discs  in  various  solutions,  Hofmeister  (10)  obtained  the  following  order 
of  efficiency:  sulfate,  tartrate,  citTate<acetate<chloride<chlorate,  nitrate, 
bromide,  in  prompting  the  swelling  of  the  discs, 

Pauli  (11)  found  that  different  salts  raised  the  coagulation  temperature  of 
proteins  to  different  degrees  and  the  order  of  efficiency  was  citrate,  sulfate< 
chloride  <iodide<  acetate  <  chlorate  <nitrate<  bromide,  Lillie  (12)  reported 
that  the  order  of  salts  in  decreasing  the  osmotic  pressure  of  gelatin  and  egg  albu- 
men was  sulfate,  tartrate,  citrate,  phosphate,  ferricyanide>fluoride,  chloride, 
nitrate,  chlorate>bromide>iodide>sulfocyanate. 

Studies  of  the  same  series  of  salts  applied  to  "living"  colloids,  i.e.,  to  the 
protoplasm  or  membrane  of  cells,  have  in  many  cases  shown  a  somewhat  similar 
order  of  activity.  H6ber  (13)  found  that  the  order  of  anions  for  stimulating  frog 
muscle  was  sul  f  ate  <  ch  loride  <  nitr  ate  <bromide<iodide<sulfo  cyan  ate.  Like- 
vise  the  order  of  efficiency  of  the  anions  in  hemolyxing  blood  cells  in  slightly 
hypertonic  solution  was  sulfate<chloride<brDmlde<nitrate<iodide.  Lillie  (14) 
hat)  pointed  out  that  those  salts  that  are  good  activators  for  Arbacia  eggs,  increase 
the  surface  permeability  of  the  egg  and  the  order  of  efficiency  of  the  salts  is 
chlori de  < bromide  <nitrate<su If ocyanate<  iodide.  Hdber  (15)  studied  the  ab- 
aorption  of  salts  from  the  small  intestine.  Sodium  chloride  was  absorbed  faster 
than  sodium  sulfate  and  for  the  series  be  found  chloride>bromide>iodide> 
sulfate  in  speed  of  absorption. 

Reviewing  the  evidence  it  seems  that  the  sulfate,  citrate  and  tartrate  tend 
always  to  decrease  the  permeability,  to  increase  the  precipitability  of  protein, 
to  lessen  the  imbibition  of  water,  while  chloride  and  acetate  assume  a  middle 
positlAo  and  nitrate,  bromide,  iodide  and  sulfocyanate  tend  to  increase  the  per- 
meability, to  increase  the  imbibition  of  water  and  to  lessen  the  precipitability  of 
protein.  In  other  words,  as  Spaeth  (16)  has  pointed  out,  the  order  of  dispersion 
of  hydrophilous  colloids  by  anions  is  sul  fate  <  tartrate  <  citrate  <  acetate  <chlo- 
ride<chlorate<bromide<iodide<sulfocyanate  which  is  the  same  order  in  which 
these  ions  produce  their  deleterious  effect  on  cells. 

The  method  employed  in  the  following  series  of  experimeote  consisted 
in  the  sudden  increase  of  the  blood  volume  to  twice  the  oonnal  volume 
and  the  measure  of  subsequent  volume  changes  by  means  of  hemoglobin 
detenninations.  The  injected  fluid  was  an  isotonic  solution  of  the 
salt  under  consideration  or,  if  the  toxicity  of  the  substance  prohitnted, 
1  non-lethal  dose  made  isotonic  with  sodium  chloride. 
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Healthy  rabbits  in  good  outritive  coodition  were  used  in  all  the  ex- 
periments. The  Bolutions  were  isotonic  with  rabbit  blood,  the  osmotic 
pressure  being  controlled  by  freezing  point  determinations.  They  were 
kept  at  the  proper  temperature  in  1  hermos  bottles  and  injected  at  ST'C. 
The  injection  was  made  during  ether  anesthesia  through  a  cannula  into 
the  left  jugular  vein  from  a  graduated  cylinder  by  means  of  pressure  at 
auch  a  rate  that  in  two  minutes  a  volume  of  fluid  equal  to  the  estimated 
blood  volume  of  the  animal  was  introduced.  In  some  cases  second  and 
third  injections  were  made.  In  the  early  experiments  the  figure  50  cc. 
per  kilo  (cf.  Boycott,  17)  was  used  as  the  normal  blood  volume  of  the 

From  a  cannula  in  the  right  carotid,  samples  of  blood  were  taken 
before  injection,  immediately  after  injection  and  thereafter  at  five- 
minute  intervals  for  one  half  hour  followed  by  ten-minute  intervals 
until  the  end  of  the  experiment.  The  few  drops  of  blood  required  for 
the  analysis  were  caught  in  depressions  of  a  paraffin  plate  from  which 
measured  volumes  were  inomediately  taken  for  the  hemoglobin  deter- 
minations. In  the  early  part  of  the  work  these  were  made  by  the 
method  of  Haldane  (18)  using  a  standard  whose  oxygen  capacity  was 
determined  by  the  method  of  Barcroft  (19).  The  hemoglobin  deter- 
minations made  later  were  done  by  the  method  of  Cohen  and  Smith  (20) . 

The  bladder  of  the  rabbit  was  emptied  by  squeezing  before  the  ex- 
periment and  all  of  the  urine  voided  during  the  experiment  and  that 
remaining  in  the  bladder  on  autopsy  was  collected  and  measured.  At 
the  conclusion  of  the  experiment  the  animal  was  killed  and  autopsy 
made. 

The  term  relative  blood  volume  is  used  to  mean  the  ratio  of  the  hemo- 
globin percentage  after  the  injection  to  thiat  before  the  injection.  The 
method  of  calculating  it  is  as  follows:  assuming  the  original  volume  to 
be  100,  if  the  hemoglobin  value  before  the  injection  is  80  and  after  it  is 

8  —  > 

50 

figures  for  relative  blood  volume,  then,  are  really  the  percentage  of  the 
normal  blood  volume  based  on  the  hemoglobin  content. 

The  use  of  hemoglobin  determinAtiona  ae  an  index  to  the  blood  volume  chaDges 
requires  special  consideration.  This  is  a  valid  index  only  if,  under  the  cODditions 
of  the  experiment,  there  is  a  negligible  variation  in  the  erythrocyte  count  due  to 
extrusion  of  new  red  cells  into  the  blood  stream.  Increases  in  the  red  count  and 
hemoglobin  have  been  reported  in  a  variety  of  conditions.    Muscular  contrac- 
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tion  (21),  exercise  with  perspiration  (22),  increase  in  blood  pressure  (23),  and 
deereiue  in  atmospheric  pressure  (24),  have  alt  been  reported  as  conditions  under 
which  there  is  an  increased  red  count  and  hemoglobin.  Lamson  (25)  has  investi- 
gated  the  factors  producing  polycythemia.  He  found  that  in  some  cases  hemor- 
rhage will  produce  an  increased  blood  count  shortly  after  the  blood  is  lost. 

TAB1£  1 

Compariion  of  porialion  in  kemogloinn  with  thai  of  lolal  tolidt  before  and  after 

injection  of  ieotonic  ealt  solution 


Experiment  30 

Hemoglobin 

Solids 

Chlorides  of  whole  blood 
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The  effect  of  repealed  sinitU  hemorrhages  on  hemoglobin  percentage 
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59 

89 

66 

50 

59 
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Among  other  factors  he  mentions  emotional  excitement  and  anesthesia.  1  f  these 
factors  were  to  play  a  part  in  our  experiments  the  validity  of  the  results  obtained 
might  be  questioned. 

Lamson  quotes  figures  illustrating  the  increase  in  red  count  in  a  cat  after  fright. 
The  degree  of  polycythemia  is  exceedingly  variable.    He  also  states  that  immedi- 
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ately  after  anestbesia  with  ether  the  red  rnunt  is  above  oormal  but  that  it  Kfrnd* 
ually  falls.  It  is  conceivable  that  there  may  be  an  increase  in  red  count  without 
an  increase  in  hemoglobin. 

Experiments  wore  carried  out  to  determine  whether  or  not  the  hemo- 
globin could  l>e  used  as  an  index  to  blood  volume  under  the  conditions 
of  the  procedure  outlined  above  and  also  whether  the  hemoglobin  per- 
centagr  cihanced  ns  a  result  of  excitement  and  anesthesia  in  these  expcri- 
mcnts.  Thi-  results  (tables  1  and  2)  show  that  not  only  did  anestheoa, 
fright  and  withdrawal  of  successive  small  volumes  of  blood  not  change 
the  hemoglobin  percentage,  but  that  the  hemoglobin  percentage  varied 
in  a  parallel  manner  with  the  total  sohds.  It  seems  reasonably  certain, 
then,  that  under  the  experimental  conditions  outlined,  the  hemoglobin 
is  a  valid  and  useful  index  to  blood  volume  changes. 

Inasmuch  as  glycosuria  has  been  observed  following  intravenous  in- 
jections of  salt  solutions,  it  seemed  of  importance  to  determine  whether 
or  not  there  was  hyperglycemia  which,  of  itself,  might  exert  some  in- 
fluence on  the  dilution  of  the  blood.  In  the  present  experiments  there 
was  no  glycosuria  following  the  injections  except  with  colloidal  silver. 
In  one  experiment  (exper.  24)  when  sodium  sulfocyanate  was  injected, 
the  blood  sugar  was  0.075  per  cent  before  anesthesia,  0.112  per  cent 
after  anesthesia  and  0.209  per  cent  one  half  hour  after  the  injection. 
At  this  time:  the  relative  blood  volume  had  returned  to  normal  so  that 
it  may  be  said  that  such  hyperglycemia  as  follows  intravenous  injection 
of  salt  solutions,  exerts  no  appreciable  effect  on  blood  volume.  This 
point  needs,  however,  further  investigation. 

Experiments  with  sail  solutions.  The  following  solutions  were  used: 
Sodium  chloride  0.98  per  cent,  sodium  acetate  1.23  per  cent,  sodium 
bromide,  1.8  per  cent,  sodium  nitrate  1.5  per  cent,  sodium  sulfocyanate 
1.36  per  cent,  sodium  sulfate  2.0  per  cent,  sodium  tartrate  1.5  per  cent 
in  0.45  per  cent  sodium  chloride  and  sodium  citrate  0.26  per  cent  in  0.9 
per  cent  sodium  chloride.  These  solutions  were  isotonic  with  rabbits 
blood.  The  injection  was  rapid — a  volume  equal  to  the  blood  volume 
being  introduced  in  two  minutes.  In  the  case  of  the  chloride,  bromide 
and  sulfate  in  some  of  the  experiments,  the  respiration  was  slower  and 
more  labored  during  the  injection.  In  the  case  of  tartrate  the  respira- 
tion was  quickened.     With  the  citrate  there  were  muscular  spasms. 

From  table  3  it  will  be  seen  that  the  salts  differ  somewhat  in  their 
influence  on  the  passage  of  water  out  of  the  circulation.  With  citrate, 
tartrate  and  sulfate  the  relative  blood  volume  stayed  above  nonnal 
longer  than  in  any  other  case;  with  the  chloride  the  return  to  norma] 
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was  more  rapid  while  with  the  bromide,  acetate  and  nitrate  the  return 
to  normal  blood  volume  was  most  rapid.  Except  in  the  case  of  the 
citrate,  tartrate  and  sulfate,  however,  the  differences  were  negligible. 
In  all  of  these  experiments  the  lai^er  part  of  the  injected  fluid  dis- 
appears within  the  first  five  minutes  and  a  considerable  part  of  it  leaves 
the  circulation  during  the  injection  (17).  Immediately  after  the  in- 
jection there  is  an  enormous  increase  in  the  filtration  pressure  in  the 
capillaries.  This  increased  pressure  accounts  for  the  rough  paralleUsm 
in  volume  changes  between  all  the  salts  within  the  first  five  minutes 
after  injection. 


TABLE  3 
Beffulation  of  blood  volume  after  injeftion  of  eolutiona  of  variou 
average  reaulti  of  all  experiment*;  relative  blood  volur 
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The  differences  in  behavior  between  the  citrate,  tartrate  and  sulfate 
and  the  rest  of  the  salts  became  apparent  later  in  the  experiment,  i.e., 
twenty-five  or  thirty  minutes  after  the  injection.  The  effect  of  the 
given  salt  on  the  diffusion  of  fluid  is  then  seen.  On  the  basis  of  the 
present  experiments  the  salts  can  be  arranged  in  the  order  of  their  ef- 
fect in  permitting  the  passage  of  fluid  out  of  the  circulation,  as  follows: 
— acetate,  nitrate,  sulfocyanate,  bromide  >  chloride  >  tartrate,  sulfate, 
citrate. 

The  physical  chemical  systems  in  the  blood  vessels  immediately  after 
introducing  the  injection  fluid  are  very  complex.  In  the  blood  the 
plasma  proteins,  the  red  corpuscles  and  lipoids  occur  suspended  in,  or 
dissolved  in,  a  water  solution  of  various  inorganic  salts.    It  is  obvious 


,v  Google 


330  ARTHUR   H.    SUITH   AND   IiAFATETTE    B.   UENDEL 

that  the  iajection  fluid  will  first  react  with  the  substances  in  the  blood 
insofar  as  it  is  capable  of  producing  any  change  in  the  equilibrium  there. 
Since  proteins  are  ionized  and  obey  the  law  of  mass  action  (26),  (27)  a 
chemical  readjustment  in  the  blood  stream  after  the  injection  of  the 
salt  solutions  may  be  expected.  Hence  the  character  of  the  fluid  thus 
established  in  this  newly  constituted  system  may  be  sufficient  to  account 
for  the  differences  of  rate  with  which  fluid  leaves  the  circulation  after 
the  injections  of  various  salt  solutions. 

Again,  although  we  were  very  careful  to  have  the  solutions  isotonic 
when  injected,  it  does  not  follow  that  the  osmotic  conditions  in  the 
blood  stream  remain  unchanged  after  the  addition  of  the  salts.  There 
may  have  been  some  degree  of  ion-colloid  readjustment  or  even  double 
decomposition  between  inorganic  salts  which  might  change  the  osmotic 
pressure  of  the  blood  temporarily.  The  calcium  precipitants,  especially, 
might  act  in  this  way. 

A  third  possible  factor  in  regulating  the  speed  with  which  the  added 
fluid  leaves  the  circulation  is  the  "permeability"  of  the  membrane  form- 
ing the  capillary  wall.  It  is  obvious  that  most  of  the  inveFitigations  of 
the  permeability  of  isolated  plant  and  animal  cells  can  not  be  apphed 
to  the  capillary  endothelial  membrane  except  in  a  very  general  way,  for 
the  proteins  and  especially  the  salts  of  the  plasma  constitute,  as  can  be 
inferred  from  the  above  discussion,  a  very  effective  system  for  main- 
taining not  only  a  constant  reaction  but  also  a  constant  balance  of  salts 
and  colloids.  It  is  because  of  this  r^ulating  mechanism  that  the  dif- 
ference between  the  salts  used  in  these  experiments  was  so  small  when 
judged  by  their  effect  on  the  movement  of  fluid  out  of  the  circulation. 
The  sulfate,  tartrate  and  citrate  actiop  was  more  pronounced  because 
of  their  double  effect:  they  may  have  reduced  the  water-holding  ca- 
pacity of  serum  proteins  either  through  formation  of  less  ionized  com- 
binations or  through  purely  physical  means;  and  secondly,  they  may 
have  decreased  the  permeabihty  of  the  capillary  membranes  so  that  the 
free  movement  of  surplus  fluid  out  of  the  circulation  observed  with 
the  chloride,  for  instance,  was  interfered  with.  It  is  possible  that  the 
combination  of  the  above  mentioned  factors  resulted  in  the  diminished 
speed  of  return  of  the  augmented  blood  volume  observed  after  injection 
of  solutions  containing  sulfate,  tartrate  or  citrate. 

The  analogy  between  the  action  of  the  various  salts  on  the  capillary 
membranes  and  on  other  membranes  is  suggestive.  Magnesium  sul- 
fate, sodium  sulfate,  magnesium  citrate  and  sodium  potassium  tartrate, 
saline  cathartics  containing  anions  which  appear  at  one  end  of  our  series 
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do  not  easily  difTuse  through  the  gut  wall  into  the  blood  stream,  and  so 
they  act  osmotically  to  draw  water  from  the  blood  stream  to  flush  the 
intestine.  Goldschmidt  and  Dayton  (28)  have  shown  that  this  is  pre- 
cisely what  happens  in  the  colon.  There  was  free  passage  of  water  with 
practically  no  diffusion  of  sulfate  in  their  experiments.  Hobcr  (15)  has 
studied  the  absorption  of  salts  from  the  small  intestine  and  finds  that 
the  anions  of  the  salts  arrange  themselves  in  the  same  order  as  in  the 
present  experiments,  sulfate  being  absorbed  least  rapidly  and  chloride 
most  rapidly.  Wallace  and  Cushny  (29),  studying  the  intestinal 
absorption  of  saline  cathartics,  found  that  the  salts  arrange  them- 
selves in  order  of  the  speed  of  absorption  as  follows:— chloride,  bro- 
mide, iodide  >  sulfate  >  phosphate,  tartrate,  citrate. 

Tke  e:ffect  of  calcium.  Calcium  was  studied  in  these  experiments  first  be- 
Rauae,  as  Loeb  (30)  and  Osterhout  (31)  have  pointed  out,  it  exhibits  an  antago- 
nism toward  sodium  and  secondly  because  of  its  alleged  action  on  the  permed 
bility  of  membranes.  In  experiments  on  the  prevention  of  pleural  exudates  in 
dogs,  Chiari  and  Januschke  (32)  reported  that  calcium  injected  subcutaneously 
inhibited  the  transudation  after  treatments  which  in  control  dogs  caused  a 
copiousamount  of  fluid.  The  whole  scheme  of  experioientation  was  rather  srvere 
in  this  investigatiuD.  The  appearance  of  icterus  after  the  injection  of  fluo- 
rescin  was  found  by  Rcsenow  (33)  to  be  distinctly  inhibited  by  calcium  chloride. 

Small  amounts  of  concentrated  sodium  chloride  injected  intravenously  in 
rabbits  elicit  a  hyperglycemia  which  is  prevented  by  adding  calcium  chloride  to 
the  salt  solution  (34).  Slowinjecticnsof  large  volumes  of  sixth  molecular  sodium 
chloride  into  rabbits  produce  a  glycosuria  which  is  prevented  by  the  addition 
of  three-eighths  molecular  calcium  chloride  in  the  ratio  976  cc,  NaCI  to  25  cc, 
CaCli  (35) .  MacCallum  (38)  found  that  saline  purgatives  injected  intravenously 
produced  active  peristalsis  but  that  the  action  was  inhibited  by  calcium  chloride. 
Calcium  antagonizes  not  only  sodium  but  also  magnesium  (37)  and  potassium 
(38).  (39),  (40),  (41). 

Id  the  present  experiments  calcium  chloride  was  injected  with  sodium 
chloride  in  isotonic  solution  to  ascertain  whether  or  not  the  calcium 
would  hinder  the  movement  of  fluid  out  of  the  capillaries.  As  will  be 
seen  from  table  4,  instead  of  inhibitingthe  return  to  normal  relative  blood 
volume,  the  presence  of  the  calcium  seemed,  if  anything,  to  hasten  the 
outward  passage  of  the  injected  fluid.  Yanagawa  (42)  had  reported 
thst  calcium  chloride  does  not  reduce  the  permeability  of  the  capillaries 
under  normal  conditions. 

In  the  second  injection  of  experiment  31,  0.25  gram  calcium  chloride 
dissolved  in  isotonic  sucrose  solution  was  injected  and  the  animal  died 
with  tetanic  convulsions.    The  left  ventricle  was  in  strong  contraction 
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and  there  was  a  clot  in  the  right  auricle.  When  a  higher  concentr&- 
tion  of  calcium  chloride  in  sodium  chloride  solution  was  injected  there 
were  no  untoward  effects.  This  seems  to  indicate  that  the  sodium 
exerted  an  antagonism  not  shown  by  the  sucrose. 
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The  effect  of  aMoidal  silver.  Colloidal  silver  is  a  suspensoid  colloid 
white  the  blood  proteins  are  emulsoid  colloids.  Spiro  (43)  has  reported 
that  the  imbibition  of  water  by  gelatin  is  accelerated  by  the  presence 
of  colloidal  iron  oxide.  The  present  experiments  were  earned  out  to 
determine  the  effect  of  the  interaction  of  the  two  types  of  colloids  upon 
the  movement  of  water  out  of  the  circulation.  The  technic  was  the 
same  as  used  before  in  the  present  experiments.  The  silver  preparation 
used  (Solargentum,  Squibb)'  is  said  to  contain  about  20  per  cent  silver 
It  was  dissolved  in  0.97  per  cent  sodium  chloride  solution  and  in  three 
cases  the  dosage  was  50,  100  and  200  mgm.  respectively  dissolved  in 
100  cc.  of  the  salt  solution.  It  caused  no  depression  of  the  freezing  p(HDt 
and  gave  a  golden  brown  solution  which  did  not  interfere  with  the 
hemoglobin  determinations. 


>  This  prep&r&tio] 
Squibb  &  Sons. 


was  kiodly  furnished  through  Dr.  I.  F.  Harris  by  E.  R. 
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Table  5  shows  the  results  of  injecting  colloidal  silver  solutions.  When 
the  amount  injected  was  50  or  200  mgm.  there  was  do  appreciable  effect 
on  the  return  to  normal  of  the  relative  blood  volume.  When  100  mpn. 
were  injected  the  relative  blood  volume  remuned  above  normal.  This 
injection  was,  however,  the  second  dose  of  colloidal  silver  that  rabbit 
had  received.  It  appears  that  there  may  be  a  cumulative  effect  of  the 
colloidal  silver  solution.  There  was  glycosuria  in  all  cases  after  the 
injection  of  colloidal  silver.    This  point  will  be  investigated  further. 
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The  effect  of  acacia.  Since  varying  accounts  of  the  value  of  acacia 
in  shock  have  been  reported,  it  seemed  of  interest  to  try  its  effect  in 
normal  animals  under  the  conditions  of  our  experiments.  In  circula- 
tory shock  sahne  solution  or  Ringer's  solution  given  intravenously 
leaves  the  circulation  so  rapidly  that  it  helps  Uttle.  Bayliss  (44), 
(45),  (46)  introduced  the  use  of  gum  acacia  and  has  been  its  foremost 
champion.  The  value  of  acacia  lies  in  the  fact  that  it  possesses  not  only 
viscosity  but  also  a  small  osmotic  pressure  thus  simulating  the  plasma 
proteins.  He  recommends  the  intravenous  use  of  7  per  cent  acacia  in 
0.9  per  cent  sodium  chloride  solution  in  the  treatment  of  shock  on  the 
theory  that  if  the  blood  pressure  and  aeration  are  kept  up  acidosis  need 
not  be  feared. 
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A  study  of  the  blood  volume  regulation  in  normal  animals  after  the 
injection  of  acacia  was  made  in  the  present  investigation  according  to 
the  tcchnic  already  described,  a  solution  of  7  per  cent  acacia  in  0.9  per 
cent  sodium  chloride  (  i  =  0.59)  solution  being  used.  The  A  due  to 
the  acacia  alone  was  0.07. 

Table  6  shows  that  considerable  fluid  passed  out  of  the  circulation 
during  the  injection.  The  acacia  maintained  the  augmented  blood 
volume  in  a  way  not  observed  with  any  other  substance  used  in  these 
experiments.  It  held  the  relative  blood  volume  one-third  above  nor- 
mal for  more  than  an  hour. 
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Moore  (47;  attributes  the  value  of  acacia  to  the  reatoration  of  the  hydrophilous 
colloidH  to  the  blood.  That  it  exerts  a  small  pereJBtent  osmotic  pressure  and  thus 
maintains  the  blood  volume  has  been  asserted  by  Gasser,  Erlanger  and  Meek 
(4S).  Knise  (49),  however,  has  Rug^^ted  that  the  value  of  acacia  in  maintaining 
blood  volume  may  be  due  to  its  adsorption  on  the  capillary  walls,  whereby  the 
exit  of  the  fluid  from  the  vessels  is  impeded. 

The  effect  of  acid.  The  effect  of  acid  on  the  swelling  of  colloids  and  on  the  per- 
meability of  membranes  has  beeo  widely  studied.  Spiro  (43)  reported  that  ,f , 
hydrochloric  acid  caused  gelatin  discs  to  swell  more  than  did  water,  while  Thiari 
(50)  showed  that  increased  swelling  was  obtained  when  carbon  dioxide  was  present 
in  conductivity  water.  Fischer  (51 )  demonstrated  the  swelling  of  muscle  in  acid. 
Osterhout  (52)  studying  diffusion,  found  that  acid  6r8t  decreased  the  permea- 
bility of  the  cell  membrane  but  later  increased  it.  Harvey  (53)  showed  that  all 
acids  excepting  benzoic  and  salicylic  encounter  resistance  to  diffusion  at  the 
surface  of  the  living  cell. 
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It  might  appear  a  priori  that  injection  of  acid  would  increase  the 
water-holding  capacity  of  the  plasma  colloids  or  would  decrease  the 
permeability  of  the  capillary  membrane  to  such  an  extent  that  the  pas- 
sive of  fluid  out  of  the  circulation  after  injection  would  be  inhibited. 
On  the  other  hand,  the  body  has  such  remarkable  ability  to  take  care 
of  increased  acid  and  to  maintain  its  constant  reaction  (45)  that  it  would 
appear  problematical  whether  or  not  one  could  introduce  enough  acid 
to  change  the  physical  chemical  equilibria  without  killing  the  animal. 


Regulation  of  blood  volume  after  injection  of  hydrochloric  acid-iodium  chloride 
eoltUiom;  relative  blood  volume 
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To  test  this  point  with  reference  to  changes  within  the  bloodvessels, 
■jV  and  i't  hydrochloric  acid  made  isotonic  with  0.7  per  cent  and  0.6 
per  cent  sodium  chloride  respectively  were  injected  as  in  experiments 
already  recorded,  ts  &cid  seemed  to  be  the  limit  of  tolerance  under 
the  conditions  of  the  experiment.  Several  of  the  rabbits  died  during 
the  injection  and  on  autopsy  showed  pulmonary  edema.  During  in- 
fusion there  were  in  every  case  dyspnea  and  spasmodic  contractions  of 
the  voluntary  muscles. 

From  table  7  it  will  be  seen  that  in  the  concentrations  used  hydro- 
chloric acid  failed  to  decrease  the  rate  of  pass^e  of  fluid  out  of  the 
blood  vessels.  The  relative  blood  volume  returned  to  normal  as  rap- 
idly when  acid-sodium  chloride  solutions  were  used  as  with  the  sodium 
chloride  alone. 
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The  effect  of  sucrose.  To  detennine  the  effect  of  a  crystalline  non- 
electrolyte  on  the  removal  of  fluid  added  to  the  blood  10.9  per  cent 
sucrose  solution  (a  =  0.59)  was  injected  in  one  experiment.  From 
table  8  it  will  be  seen  that  the  relative  blood  volume  returned  to  normal 
as  rapidly  as  with  saline  solution. 


TABLE  B 

B»guiation  of  Mood  volutne  aflsr  injection  of  au- 
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Fate  of  Ike  injected  fluid.  From  the  preceding  experiments  it  is  evi- 
dent that  with  the  exception  of  the  citrate,  tartrate,  sulfate  and  acaoia 
none  of  the  substances  injected  decreased  the  rate  of  loss  of  fluid  from 
the  circulation  as  judged  by  the  variation  in  blood  volume.  In  the 
majority  of  cases  a  volume  of  fluid  equal  to  the  blood  volume  diffused 
out  of  the  circulation  in  less  than  one  half-hour.  In  speculating  upon, 
and,  if  possible,  determining  the  fate  of  this  fluid,  attention  is  directed 
to  the  possible  paths  of  elimination  of  this  excess  of  volume.  It  may 
be  excreted  through  the  kidneys,  it  may  accumulate  as  edema  fluid,  it 
may  form  serous  exudates,  it  may  pass  into  the  tissue  spaces  or  it  may 
be  excreted  into  the  gastro-intestinal  tract. 

Haldane  and  Priestley  (54)  have  shown  in  a  striking  manner  that 
copious  water  drinking  results  in  a  large  urine  output.  The  effect  of 
water  drinking  upon  the  circulation  must  be  analogous  to  that  produced 
by  the  injection  of  isotonic  solutions  in  our  experiments.  Magnus 
(55),  (56)  concluded  that  the  cause  of  the  diuretic  action  of  salts  lies  in 
the  composition  of  the  blood  and  not  in  the  increased  capillary  pressure. 
He  found  that  sulfate  solutions  of  the  same  osmotic  pressure  as  chloride 
solutions  produced  greater  diuresis. 
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TABLE! 
Urine  volume  ae  percentagt  of  injected  eolution 
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Table  9  shows  the  average  figures  for  urine  volumes  excreted  during 
the  various  experiments  and  calculated  as  percentages  of  the  injected 
volume.  Sulfate  and  nitrate  induced  the  largest  secretion  of  urine  ob- 
served with  any  of  the  salts  or  substances  investigated.  This  corre- 
sponds with  the  statements  in  the  literature  on  the  comparative  diuretic 
effect  of  these  salts.  However,  even  in  the  sulfate  experiments  where 
the  salt  caused  the  greatest  diuresis  the  urine  volume  did  not  account 
for  the  fluid  which  had  left  the  circulation. 

The  nature  of  edema  and  the  factors  involved  in  its  production  have 
long  been  matters  of  discussion.  Cohnheim  and  Lichtenheim  (57)  in- 
jected salt  solution  until  they  had  given  46  per  cent  of  its  weight  to  a 
rabbit  and  64  per  cent  to  a  dog  yet  they  failed  to  observe  subcutsrieoue 
edema.  On  infusing  sfilt  solution  after  arsenic  poisoning,  Magnus  (58) 
produced  edema  although  in  normal  animals  plethora  elicited  no  edema. 
It  is  evident  from  the  literatUl-e  that  hydremic  plethora  will  not  produce 
the  edema  which  is  characteristic  of  nephritis.  In  the  present  experi- 
ments no  patent  edema  was  observed  in  any  of  the  animals. 

The  pleural  and  peritoneal  cavities  offer  considerable  free  space  for 
the  accumulation  of  pathological  fluids.  After  injection  of  saline  solu- 
tion Cohnheim  and  Lichtenheim  (57)  found  fluid  in  the  peritoneal  cavity 
but  the  pleural  cavity  was  dry.  Of  the  fluid  injected  into  rabbits, 
Dastre  and  Loye  (59)  found  75  per  cent  in  the  tissue  spaces  and  serous 
cavities.  In  the  present  experiments  the  pleural  cavity  was,  as  a  rule, 
normal  in  appearance.  The  peritoneal  cavity  usually  contained  fluid  but 
there  was  never  more  than  5  cc.  of  transudate  which  usually  contained 
protein  and  the  salt  injected  and  would  clot.  It  is  certain  that  the  fluid 
in  the  peritoneal  cavity  accounted  for  very  Uttle  of  that  which  diffused  - 
out  of  the  blood  vessels. 

The  indefinite  area  known  as  "tissue  spaces"  constitutes  a  reservoir 
of  fluid  in  the  animal  body.  After  hemorrhage  the  volume  of  blood  is 
brought  back  toward  normal  by  the  passage  of  lymph  from  the  muscle 
and  other  tissues  into  the  circulation.  Hypertonic  solutions  draw  part 
of  the  fluid  which  renders  them  isotonic  from  the  tissue  spaces.  Engels 
(60)  reported  ihat  68  per  cent  of  the  fluid  injected  into  a  dog  was  con- 
tained in  the  muscles.  In  the  present  investigation  experiments  were 
carried  out  to  deteriuine  whether  or  not  the  amount  of  water  contained 
in  the  muscle  was  demonstrably  increased.  From  table  10  it  will  be 
seen  that  the  percentage  of  water  did  not  vary  after  the  injection. 
This  was  rather  surprising  after  the  statements  made  in  the  literatiu-e. 
All  of  the  older  experiments  dealt  with  slow  infusions  extending  over  a 
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long  period  of  time.    Perhaps  the  manDer  in  which  we  carried  out  the 
experiment  altered  the  distribution  of  the  fluid. 

The  excretory  function  of  the  emaU  intestine  has  been  given  consid- 
erable attention  in  the  literature.  In  the  course  of  their  experiments  on 
hydremic  plethora,  Cohnheim  and  Lichtenheim  (57)  observed  that  the 
stomach  and  intestine  became  swollen.  Albu  (61)  reported  that  after 
injection  the  intestinal  contents  became  a  thin  paste.  J.  B.  MacCal- 
lum  (62)  injected  large  volumes  of  normal  saline  solution  intravenously; 
and  from  a  cannula  tied  in  the  intestine  he  obtained  fluid  which 
amounted  to  15  per  cent,  9  per  cent  and  10  per  cent  of  the  injected 
volume  in  three  different  experiments. 


rA«  vhiUt  content  of  muKlea  before  and  after  injeetion 
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79  5 

In  the  present  experiments  abnormal  distention  was  repeatedly  no- 
ticed which,  on  autopsy,  was  seen  to  be  due  to  the  injection  of  the  stom- 
ach, small  intestine  and  cecum.  The  mass  of  material  in  these  organs 
was  athin  paste  and  on  section  fluid  streamed  from  the  stomach.  These 
observations  indicate  that,  under  the  conditions  of  our  experiments, 
some  fluid  was  excreted  into  the  gastro-intcstinal  tract. 

From  the  above  discusision  it  appears  that  the  part  of  the  injected 
fluid  which  diffused  out  of  the  blood  stream  in  these  experiments  can  be 
accounted  for  in  the  urine,  iji  the  exudations  into  the  serous  cavities 
and  in  the  excretion  into  the  intestinal  tract.  In  these  experiments 
there  was,  however,  no  trace  of  edema  nor  was  there  detectable  increase 
in  the  water  content  of  the  skeletal  muscles. 
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SUMMARY 


When  isotonic  solutions  of  the  acetate,  nitrate,  Bulfocyanato,  brom- 
ide, chloride,  tartrate,  sulfate  or  citrate  of  sodium  are  injected  intra- 
venously at  such  a  rate  that  a  volume  equal  to  the  estimated  blood  vol- 
ume is  introduced  in  two  minutes,  the  rate  at  which  the  added  fluid 
oiicapes  from  the  circuhition,  as  measured  by  the  relative  blood  volume 
at  successive  subsequent  intervals,  ia  decreased  to  a  slight  extent  by  the 
sulfate,  tartrate  and  citrate. 

When  calcium  chloride,  hydrochloric  acid  or  colloidal  silver  was 
dissolved  in  sodium  chloride  solution  and  was  injecteil  intravenously 
there  was  no  alteration  of  the  rate  of  return  t-o  normal  blood  volume. 

When  acacia-sodium  chloride  solution  was  usi'd  there  was  a  marked 
and  long  sustained  increase  in  the  relative  blood  volume. 

Sucrose  in  isotonic  solution  did  not  delay  the  passage  of  fluid  from  the 
blood  vessels. 

The  fluid  which  leaves  the  circulation  in  the  restoration  of  blood  vol- 
ume after  the  injection  could  not  be  accounted  for  by  the  passage  into 
the  muscles  or  by  edema  fluid.  The  volume  of  urine,  exudate  into  the 
serous  cavities  and  the  excretion  into  the  intestine  and  stomach  proba- 
bly arc  concerned  in  the  disiiosal  of  the  fluid  leaving  the  circulation. 
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INTHODUCTION 

The  presence  of  the  so-called  "peristaltic  hormones"  in  various 
tissues  has  frequently  been  demonstrated.  Fnriquez  and  Hallian  (1) 
found  that  extracts  of  the  gastric  and  intestinal  mucosa  contained  a 
powerful  stimulant  for  the  intestinal  musculature.  Fawcett,  Rahe, 
Hackett  and  Rogers  (2)  found  that  protein-free  aqueous  extracts  of 
the  Hver,  pancreas  and  spleen,  and  of  the  pituitary,  pineal,  thyroid, 
parath>Toid,  thymus  and  adrenal  glands  caused  a  characteristic  stimu- 
latory effect  upon  the  unstriated  muscle  fibers  of  the  cat's  uterus. 
This  stimulatory  effect  they  found  to  be  ant^onizcd  by  adrenalin. 
Abel,  Pincoffs  and  Rouiller  (3)  have  prepared  from  the  intestinal 
mucosa  of  the  pig  a  water-soluble  powder  which  showed  great  physio- 
logical activity  in  stimulating  an  intestinal  or  uterine  strip  or  in  caus- 
ing the  pancreas  to  secrete  freely. 

Stern  and  Rothlin  (4)  have  recently  shown  that  water  extracts  of 
liver,  kidney,  thyroid,  lung,  muscle,  thymus,  bone-marrow,  bile  and 
blood,  contain  two  kinds  of  substances,  one  causing  contraction  of 
smooth  muscle,  the  other  relaxation.  The  former  substances  only, 
they  hold,  are  present  in  lymph  glands,  adrenal  bodies  and  spleen. 
They  found  that  the  constrictor  substances  were  soluble  in  alcohol 
and  insoluble  in  ether,  while  the  depressor  substances  were  insoluble 


,v  Google 


344  J.  B.  COLLIP 

ID  alcohol  but  soluble  in  ether.  Both  types  of  BubBtances  resisted 
boiling,  but  the  former  were  destroyed  by  alkali  while  the  latter  were 
not.  Matsumoto  and  Macht  (5)  found  that  the  vas  deferens  of  labora- 
tory animals  responds  with  contractions  only  to  large  doses  of  gland 
extracts.  Cow  (6)  has  found  that  the  inhibitory  action  of  adrenalin 
upon  the  uterus  of  the  guinea  pig,  rat  and  non-pregnant  cat  is  reversed 
by  previous  treatment  with  pituitrin. 

In  view  of  the  fact  that  associated  with  shock  following  severe 
trauma  there  is  always  the  possibility  of  certain  constituents  of  dam- 
f^ed  tissue  entering  the  blood  stream,  thus  giving  a  condition  some- 
what analogous  to  the  intravenous  injection  of  tissue  extract,  a  further 
investigation  of  the  effects  of  extracts  of  various  tissues,  prepared  in  a 
v^ety  of  ways,  upon  isolated  organs  was  undertaken. 

The  general  observations  that  aqueous  extracts  of  various  tissues 
contain  certain  principles  which  increase  the  tonus  of  smooth  muscle 
were  confirmed.  Certain  additional  phenomena  of  considerable 
interest  were  manifested  in  several  experiments;  it  is  these  latt«r  that 
will  be  dealt  with  subsequently. 

EXPEBrHENTAL 

The  action  upon  isolated  mammalian  intestine  and  uterus,  and 
on  the  heart  of  the  terrapin,  of  tissue  extracts  prepared  in  the  following 
ways  was  studied.  Extracts  made  by  grinding  fresh  tissue  in  the 
mortar  with  pure  sand  and  normal  Ringer-Locke's  solution  and  sub- 
sequently centrifuging.  Extracts  made  by  boiling  fresh  tissue,  pre- 
viously macerated,  with  several  volumes  of  distilled  water,  filtering 
and  concentrating  the  filtrate  on  the  water-bath  to  an  aliquot  volume 
of  the  original  tissue  used,  thus  rendering  the  extract  practically  iso- 
tonic. Extracts  made  by  extracting  the  water-bath  dried,  water- 
soluble  fraction  with  98  per  cent  alcohol,  filtering  and  evaporating  the 
filtrate  to  dryness  on  the  water-bath  and  taking  up  the  residue  in 
Ringer-Locke's  solution.  Extracts  made  from  tissue  previously  dried 
at  llCC.  to  120°C.  Extracts  made  by  boiling  desiccated  glandular 
tissue  supplied  by  Armour  &  Company,  Chicago,  with  distilled  water 
in  amount  equal  to  the  water  content  of  the  original  tissue,  and  filter- 
ing. The  desiccated  thyroid  body,  parathyroid  gland,  thymus  gland, 
pancreas,  testes,  corpus  luteum  and  pituitary  body  (anterior  and 
posterior  lobes)  were  treated  in  this  manner. 

The  uterus  and  intestine  of  the  rat  were  used  most  extensively  in 
this  investigation,  but  preparations  were  also  made  from  the  guinea 
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pig,  rabbit,  dog,  mouse  and  cat.  PreparationB  were  suspended  in 
normal  Ringer-Locke's  solution  contained  in  a  glass  perfusion  chamber 
of  40  cc.  capacity  which  was  immersed  in  a  water-bath  kept  at  SS^C. 
Oxygen  was  continuously  bubbled  through  the  perfusion  fluid.  Move- 
ments of  the  isolated  smooth  muscle  strip  were  recorded  on  the  drum 
by  means  of  a  Harvard  heart  lever.  The  extracts  were  brought  to 
body  temperature  previous  to  being  added  to  the  saline  bath.  The 
effect  of  tissue  extracts  upon  the  heart  of  the  terrapin  was  determined 
in  one  of  two  ways.  The  brain  of  the  animal  was  pithed,  the  heart 
exposed,  and  the  apex  of  the  ventricle  connected  by  a  silk  thread  to  a 
heart  lever.  Both  vagi  were  then  dissected  free  in  the  neck  and  their 
response  to  rapid  make  and  break  shocks  determined.  The  extract 
was  then  injected  directly  into  the  ventricle  or  else  it  was  added  to 
Ringer-Locke's  fluid  and  the  heart  perfused  by  means  of  a  cannula 
placed  in  the  left  abdominal  vein,  the  fluid  escaping  through  the  cut 
aorta.  Intravenous  injections  of  certain  extracts  were  also  made 
into  dogs  to  determine  the  effect  upon  the  cardiac  vagus  and  the  re- 
sponse to  adrenalin  administered  by  the  intravenous  route. 


It  was  found,  of  the  tissues  investigated — heart,  lung,  spleen,  liver, 
brain,  cord,  posterior  spinal  root  ganglia,  pancreas,  skeletal  muscle, 
testes,  small  intestine,  gastric  mucosa,  corpus  luteum,  and  thyroid, 
parathyroid,  pituitary  (anterior  and  posterior  lobe),  and  thymus 
glands — that  all  contained  in  greater  or  less  amount  substances  which 
caused  increased  tonus,  amplitude  and  rate  of  contractions  of  strips  of 
duodenum,  small  intestine,  and  vit^n  *and  gravid  uterus.  The 
substances  were  not  destroyed  by  boiling  and  were  soluble  in  alcohol. 
Depressor  substances  were  also  present  but  the  usual  effect  of  the 
addition  of  1  or  2  cc.  of  an  extract  to  the  Ringer-Locke's  solution  in  the 
bath  was  an  immediate  increase  in  the  tonus  of  the  smooth  muscle 
strip  taken  from  the  duodenum,  jejunum  or  ileum.  It  was  more 
difficult  to  demonstrate  stimulatory  action  in  the  case  of  the  uterus 
owing  to  the  fact  that  so  often  excellent  tonus  and  rhythmic  contrac- 
tions were  manifest  prior  to  the  addition  of  the  extract.  In  the  case 
of  the  extract  of  pancreas  the  immediate  effect  upon  the  duodenum 
was  a  decrease  in  the  general  tonus  which,  however,  was  quickly  recov- 
ered and  definite  stimulation  was  manifested  (fig.  1,  a).  Pancreatic 
juice  obtained  from  a  cannula  placed  in  the  pancreatic  duct  of  a  dog 
did  not  have  this  effect.    Again  in  the  case  of  aqueous  extracts  of  oven- 
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dried  tissues  studied  (brain,  cord,  posterior  root  ganglia,  duodenum, 
heart,  pancreas,  spleen,  skeletal  muscle)  a  deviation  from  the  general 
rule  was  noticed.  The  primary  effect  of  such  extracts  upon  the  intes- 
tinal musculature  was  typically  that  of  adrenalin  (fig.  1,  b).  The  pri- 
mary depression  which  was  caused  by  the  addition  of  such  an  extract 
was,  however,  followed  at  once  by  an  increase  in  the  general  tonus. 
These  latter  extracts  had  little  effect  upon  the  uterus  unless  used  in 
fairly  large  amount,  in  which  case  decreased  tonus  resulted  (fig.  1,  c). 

It  was  found  that  extracts  prepared  from  the  heart,  pancreas,  corpus 
luteum,  pituitary  body  (both  anterior  and  posterior  lobes),  testes, 
and  thyroid,  parathyroid  and  thymus  glands  in  addition  to  causing 
intense  stimulation  of  the  uterus  antagonized  the  inhibitory  action  of 
adrenalin  on  such  uteri  as  are  normally  inhibited  by  this  latter  sub- 
stance, as  in  the  case  of  the  rat  and  guinea  pig  (both  virgin  and  gravid) , 
and  the  virgin  rabbit  and  dog  (figs.  1,  d;  1,  e;  2,  a;  2,  6;  3,  a).  This 
phenomenon  is  strikingly  similar  to  that,  recorded  by  Cow  (6),  of  the 
reversal  of  the  inhibitory  effect  of  adrenalin  on  the  uterus  of  certain 
animals  by  previous  sensitization  with  pituitary  extract.  The  results 
of  Cow  (6)  were  in  part  confirmed  by  the  writer.  Extracts  of  tissues 
studied  other  than  those  mentioned  above,  were  not  as  effective  in  this 
regard.  Partial  antagonism  was  obtained  by  extracts  of  lung,  gastric 
mucosa  and  liver,  but  in  these  instances  the  amounts  of  extracts  used 
were  relatively  quite  large.  This  antagonism  of  the  inhibitory  action 
of  adrenalin  by  extracts  of  certain  tissues  was  effective  only  as  long  as 
the  extract  was  actually  present  in  the  saline  bath.  The  inhibitory 
response  to  adrenalin  returned  in  each  case  after  the  uterine  strip  was 
washed  free  from  the  extract  (fig.  3,  a).  It  was  difficult  to  determine 
absolutely  whether  the  stimulant  action  of  adrenalin  on  the  gravid 
uterus  of  an  animal  such  as  the  rabbit  was  ant^onized  by  extracts 
like  that  of  the  spleen,  as  the  tonus  produced  by  the  addition  of  the 
latt«r  was  practically  maximal;  however,  the  writer  is  of  the  opinion 
that  the  stimulatory  effect  of  adrenalin  is  not  antagonized  on  such 
uteri  as  arc  normally  stimulated  by  it. 

The  antagonism  of  the  inhibitory  action  of  adrenalin  on  certain 
uteri  by  extracts  above  noted  was  not  demonstrated  in  the  same  deci- 
sive manner  in  the  case  of  the  intestinal  musculature.  Partial  antag- 
onism was,  however,  clearly  demonstrated  on  different  occasions  by 
the  raising  of  the  threshold  for  adrenalin  inhibition  of  the  duodenum 
or  jejunum  of  the  rat  by  extract  of  spleen  or  heart  (fig.  4,  a). 
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It  was  found,  when  eplehic  extract  was  injected  intravenouBly  into 
a  dog,  that  the  rise  in  blood  pressure  produced  by  a  definite  dose  of 
adrenalin  was  slightly  augmented,  and  also  the  high  pressure  was 
longer  maintained  (fig.  4,  d).  Electrical  excitation  of  the  vagus  which, 
prior  to  the  injection  of  the  extract  into  the  ventricle  or  the  perfusion 
of  the  same  through  the  heart  by  way  of  the  anterior  abdominal  vein 
caused  complete  inhibition  of  the  heart,  was  found  to  be  without  eEFect 
after  treatment  with  the  extract  (figs.  4,  b  and  4,  c).  The  extract 
caused  at  first  considerable  depression  of  the  myocardium  but  spon- 
taneous beats  continued  and  a  later  effect  was  in  some  instances 
increased  ampUtude  of  contraction  with  little  change  in  the  rate.  The 
response  of  the  heart  to  excitation  of  the  vagus  did  not  return  till  some 
time  after  the  injection  of  the  extract.  If  however  the  extract  was 
washed  away  by  perfusing  the  heart  with  a  quantity  of  modified 
Ringer-Locke's  solution,  the  heart  as  a  rule  responded  to  vagus  stimu- 
lation after  a  period  of  from  fifteen  to  thirty  minutes'  washing.  When 
the  stimulation  of  the  vagus  with  the  induced  current  from  the  sec- 
ondary coil  of  a  Harvard  inductorium  set  at  zero  with  a  ft-volt  current 
running  in  the  primary  failed  to  produce  inhibition,  injection  of  pilo- 
carpine into  the  heart  caused  partial  inhibition  marked  by  a  decrease 
in  the  rate  of  contraction.  The  injection  of  30  cc.  of  heart  extract, 
made  by  boiling  the  macerated  tissue  with  distilled  water  and  filtering 
and  concentrating  the  filtrate  till  it  was  practically  isotonic  with  blood 
serum,  into  the  left  jugular  vein  of  a  12  kilo  female  dog  under  ether 
anesthesia  made  complete  vagus  inhibition  temporarily  impossible  to 
obtain  (fig.  4,  e).  Depression  of  the  vagus  in  the  intact  dog  by  splenic 
extract  was  not  so  obtained. 

The  stimulating  action  of  splenic  extract  upon  uterine  muscle  was 
manifested  after  the  tissue  had  been  atropinized  (figs.  2,  c  and  3,  b). 
Adrenalin  caused  complete  inhibition  of  the  atropinized  gravid  uterus 
of  the  rat,  but  this  was  antagonized  by  splenic  extract  and  further 
treatment  with  adrenalin  was  without  effect  (fig.  3,  h).  It  has  been 
found  that  the  water-alcohol  soluble  fraction  of  the  splenic  extract 
remains  active  as  regards  its  ability  to  antagonize  the  inhibitory  action 
of  adrenalin  on  certain  uteri  and  to  depress  the  cardiac  vagus  of  the 
terrapin  after  it  has  been  freed  from  certain  constituents  by  treat- 
ment with  basic  lead  acetate  and  silver  nitrate  in  alkaline  medium. 
Also  the  lead  and  silver  precipitates,  after  removal  of  the  lead  and 
silver  respectively,  dissolved  in  Ringer-Locke's  solution  failed  to  pro- 
duce any  such  effect. 
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An  acid-alcohol  extract  of  the  water-bath  dried  lipoid-free  water- 
soluble  fraction  of  ox  spleen,  treated  with  anhydrous  ether,  gave  a 
brownish-red  precipitate.  This  was  freed  from  ether  and  dissolved  in 
Ringer-Locke's  fluid.  It  was  found  to  have  no  stimulating  action  on 
the  uterus  of  the  rat  and  it  did  not  antagonize  adrenalin.  A  slight 
stimulatory  effect  was  produced  upon  the  isolated  duodenum  of  the 
rat  by  this  extract.  Crawford  (7)  found  that  the  active  principle  of 
the  pituitary  gland  was  removed  from  acid-alcohol  extracts  by  an- 
hydrous ether, 

DISCUSSION 

The  fact  that  extracts  of  several  tissues  antagonize  the  inhibitory 
action  of  adrenalin  on  strips  of  isolated  uterus  which  are  normally 
inhibited  by  it,  and  also  depress  the  cardiac  vagus  of  the  terrapin, 
suggests  that  the  same  constituent  or  constituents  are  present  in  each 
of  these  tissues.  The  point  of  action  in  each  case  is  undoubtedly  in 
the  peripheral  inhibitory  nervous  mechanism  of  the  oi^an  concerned, 
probably  the  myoneural  junction  itself.  Nicotine  is  without  effect 
after  the  action  of  adrenalin  on  the  uterus  has  been  abolished  and 
after  the  v^us  has  been  completely  depressed  in  the  heart  of  the 
terrapin.  Pilocarpine  may  have  an  appreciably  stimulatory  effect  on 
the  uterus  after  the  addition  of  certain  extracts  and  it  is  still  mildly 
active  on  the  heart  after  electrical  excitation  of  the  vagus  fails  to 
inhibit.  Atropine  causes  slight  depression  of  the  uterus  after  heart  or 
splenic  extract  have  acted  and  it  abolishes  the  slight  action  of  pilo- 
carpine on  the  heart  of  the  terrapin  with  vagus  depressed. 

As  the  stimulatory  action  of  splenic  extract  is  still  manifested  on  the 
atropinized  uterus  of  the  rabbit  and  rat,  it  is  probable  that  the  stimula- 
tory effect  is  due  to  the  direct  action  upon  the  smooth  muscle  fiber. 
It  is  also  true  that  some  of  the  stimulatory  effect  of  certain  tissue 
extracts  upon  strips  of  smooth  muscle  may  be  due  to  a  depresuon  of 
the  local  inhibitory  mechanism. 

The  depression  of  the  inhibitory  mechanism  which  is  so  clear-cut 
in  the  case  of  certain  uterine  preparations  and  of  the  heart  of  the  terra- 
pin is  of  interest  in  another  way.  The  inhibitory  nerves  of  the  heart 
are  of  the  parasympathetic  type  while  those  to  the  uterus  are  mixed, 
but  in  those  instances  where  adrenalin  inhibits  at  all  times  it  is  to  be 
supposed  that  the  inhibitory  fibers  are  largely  of  true  sympathetic 
derivation.  Here  then  (granting  that  it  is  the  same  type  of  principle 
which  is  active  in  each  case)  is  an  instance  of  certain  tissue  constit- 
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uents  acting  selectively  upon  the  inhibitory  nervous  apparatus  of  a 
tissue  irrespective  of  whether  it  is  of  the  sympathetic  or  parasympa- 
thetic type. 

As  the  intravenous  injection  of  splenic  extract  augments  the  pressor 
effect  of  a  definite  amount  of  adrenalin,  it  may  he  that  some  part 
of  the  vasodilator  mechanism  which  is  stimulated  by  adrenalin  (S)  is 
depressed  by  the  splenic  extract,  and  hence  a  greater  pressor  response 
ensues  when  adrenalin  is  injected  than  would  otherwise  be  the  case. 

As  such  a  heterogeneous  group  of  tissues  has  been  found  to  contain 
substances  which  act  in  a  similar  manner  in  antagonizing  the  inhibitory 
action  of  adrenalin  upon  certain  uteri,  and  to  a  lesser  degree  depressing 
the  cardiac  vagus  of  the  terrapin,  it  is  possible  that  all  tissues  contain 
these  principles  in  certain  amount.  It  would  in  any  case  seem  clear 
that  these  particular  substances  should  not  be  regarded  as  "hormones." 


1.  Extracts  of  various  tissues  were  found  to  have  definite  stimulatory 
effect  upon  isolated  intestinal  and  uterine  musculature. 

2.  The  primary  effect  of  pancreatic  extracts  is  depression  in  the 
tonus  of  the  duodenal  musculature. 

3.  The  primary  effect  of  extracts  of  tissue  dried  at  110°C.  to  120°C. 
on  the  intestine  is  inhibition.  This  is  followed  immediately  by  definite 
stimulation. 

4.  Extracts  of  heart,  spleen,  pancreas,  testes,  anterior  and  posterior 
lobe  of  the  pituitary  body  and  thymus,  thyroid  and  parathyroid  glands 
in  addition  to  stimulating  the  uterus  of  the  rat,  guinea  pig,  virgin  dc% 
and  cat,  antagonized  the  inhibitory  action  of  adrenalin  on  these  organs. 

5.  Extracts  of  heart  and  spleen  caused  the  complete  abolition  of 
the  response  of  the  cardiac  vagus  to  electrical  stimulation. 

6.  The  action  of  pilocarpine  on  the  heart  of  the  terrapin  was  par- 
tially but  not  completely  antagonized  by  extracts  of  heart  and  spleen. 

7.  The  substance  or  substances  which  antt^nize  the  inhibitory 
action  of  adrenalin  on  the  uterus  and  depress  the  cardiac  vagus  are 
soluble  in  alcohol  and  resist  boiling. 

8.  Intravenous  injection  of  extract  of  spleen  augments  the  pressor 
response  to  adrenalin. 

9.  Intravenous  injection  of  extract  of  heart  raises  the  threshold  for 
vagus  inhibition  by  electrical  stimulation  of  the  peripheral  end  of  the 
cut  vagus. 

10.  It  is  suggested  that  substances  similar  to  those  found  in  extracts 
of  various  tissues  may  be  present  in  greater  or  less  amount  in  all  tissues. 
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INTRODUCTION 

Sherrington  (1)  id  his  Integrative  Action  of  the  Nervous  System,  has 
enunciated  the  doctrine  of  reciprocal  nervous  relations  existing  in  the 
living  organism.  Isolated  facts  pertaining  to  any  biological  mechanism 
or  to  any  of  its  parts  are  valuable  and  useful  if  we  can  weave  from  them 
the  whole  fabric  of  truth.  But  we  cannot  escape  the  fact  that  func- 
tional systems,  even  in  lower  forms,  are  closely  interrelated  and  inter- 
dependent. As  Burdon-Sanderson  has  expressed  it,  the  processes  in 
the  organism  go  on  in  the  interest  of  the  organism.  In  man  the  most 
complex  of  willed  movements  are  possible  because  of  the  reciprocal  in- 
nervation of  many  parts  and  systems,  together  with  a  central  seat  of 
integration  for  his  sensory  and  motor  mechanisms.  Intake  of  food, 
digestion,  metabolism  and  elimination,  important  as  they  are,  cannot 
avail  much  if  the  blood  supply  to  a  part  is  interfered  with  by  mechanical 
means,  by  the  blocking  out  of  nervous  impulses  experimentally,  or  by 
accident  or  disease. 

One  might  expect  to  find  a  reciprocal  functional  relationship  between 
the  constituent  parts  of  the  cardio-vascular  system.  This  research 
was  undertaken  with  the  object  of  arriving  at  a  clearer  understanding 
of  the  reciprocal  relationships,  whose  existence  one  might  be  led  to  sus- 
pect, between  the  cardiac  and  the  vascular  nervous  mechanisms,  through 
experimental  procedures  which  involved  changes  in  the  rate  of  the  heart 
beat  and  the  magnitude  of  arterial  blood  pressure. 

From  a  simple  functioning  mechanism  possibly,  in  some  forms  or  at 
some  st^e  of  development,  independent  of  nervous  connections,  the 
heart  has  been  gradualh'  developed  phylogenetically  into  a  complex  dif- 
ferentiated organ.  Throughout  its  history  its  activity  has  been  de- 
pendent upon  and  modified  by  its  increasingly  complex  physico-chemi- 
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cal  environment.  At  first  apparently  devoid  of  nervous  relations,  later 
it  appeared  with  nerve  fibers  connecting  it  with  a  more  or  less  simple 
central  nervous  system,  and  it  became  subject  to  nervous  control.  As 
the  central  nervous  system  became  more  and  more  complex  and  b^hly 
organized  in  some  of  its  levels,  but  less  highly  organized  in  others,  the 
nervous  connections  of  the  heart  multiplied  the  number  of  impulses 
modifying  the  inherent  quality  of  rhythmicity  possessed  by  the  cardiac 
muscle  tissue. 

In  the  course  of  this  development  the  automatism,  originally  common 
to  all  cardiac  muscle,  gradually  disappeared  from  some  parts,  notably 
the  apex.  In  the  higher  mammals,  therefore,  we  find  a  heart  with  its 
automatic  rhythmicity  more  and  more  under  the  influence  of  an  in- 
creasingly complex  physico-chemical  environment  and  dependent  for 
its  nonnal  activity  upon  nerve  impulses  received  from  the  central  nerv- 
ous system. 

In  the  normal  animal  the  rate  of  the  heart  beat  is  closely  connected 
with  the  blood  pressure.  If  there  is  a  large  vasoconstriction,  as  in  cold 
weather,  the  accompanying  rise  of  blood  pressure  is  associated  with  a 
slowing  of  the  heart  beat.  Conversely,  a  vascular  relaxation  and  lower 
blood  pressure  are  accompanied  by  acceleration  of  the  heard  beat. 
From  observation  of  these  and  other  related  facts  Marey  (2),  in  1860, 
stated  that  the  heart  beat  varies  inversely  as  the  blood  pressure.  In 
the  stowing  of  the'  heart  beat  the  vagus  nerves  are  of  course  active, 
although  in  certain  conditions,  for  example  in  muscular  exercise,  the 
increased  blood  pressure  is  not  accompanied  by  a  slower  heart  rate.  It 
is  hoped  that  the  results  of  experiments  recorded  in  this  paper  may  give 
some  information  regarding  the  nervous  mechanism  for  the  adjustment 
of  heart  rate  to  changing  blood  pressure. 


The  experiments  were  done  on  cats.  The  routine  experimental  pro- 
cedure was  ether  anesthesia,  tracheotomy  and  connection  with  a  mer- 
cury manometer  by  means  of  a  cannula  placed  in  the  left  carotid  artery. 
Blood -pressure  and  time  tracings  were  made  on  a  Hiirthle  kymograph 
and  the  heart  rate  was  computed  in  beats  per  minute.  The  stage  of 
anesthesia  was  determined  principally  by  the  presence  or  absence  of 
the  corneal  reflex,  light  anesthesia,  however,  being  always  sufficient  to 
abolish  any  sense  of  pain.  In  seeking  some  way  of  bringing  about 
changes  in  blood  pressure  that  could  be  readily  measured  without  pro- 
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ducing  any  permajient  lesiooB  in  the  blood  vessels  and  with  these 
chaoses  in  pressure  the  consequent  or  accompanying  changes  in  heart 
rate,  it  was  found  that  digital  coinj>reBsion  of  the  abdominal  aorta  was 
a  convenient  method.  Compression  of  the  abdominal  aorta  was  made 
just  below  the  diaphragm  and  yet  high  enough  to  avoid  any  effect  by 
pressure  upon  the  splanchnic  nerves.  This  was  accomplished  by  plac- 
ing the  fingers  under  the  vertebral  column,  the  animal  being  in  the  back- 
downward  position  on  the  board,  and  sliding  the  thumb  in  just  below 
the  last  pair  of  ribs  and  dorsal  to  the  viscera  until  the  groove  on  the 
ventral  surface  of  the  vertebral  column  is  felt.  The  abdominal  aorta 
lies  in  this  groove,  and  can  be  compressed  by  pressure  with  the  thumb. 
An  alternative  method  is  to  slide  the  second  and  third  fingers  in  from 
the  side  and  compress  the  aorta  by  pressure  with  their  tips.  In  order 
to  be  sure  that  no  part  of  the  effect  was  due  to  pressure  on  the  splanch- 
nic nerves,  control  experiments  were  made  with  a  ligature  placed  around 
the  thoracic  aorta  by  means  of  a  large  aneurysm  needle  passed  between 
the  twelfth  and  thirteenth  pairs  of  ribs.  Results  of  compression  of 
the  aorta  by  means  of  this  ligature  coincided  with  those  by  means  of 
digital  compression.  Compression  of  the  descending  aorta  increases  the 
volume  of  blood  in  the  anterior  portion  of  the  cardio-vascular  system 
and  thus  raises  blood  pressure  and  also  increases  pressure  and  velocity 
of  blood  flow  in  the  coronary  circuit  and  in  the  bulbar  nerve  centers. 

Some  of  the  experiments  were  made  with  the  extrinsic  cardiac  nervous 
mechanism  intact;  others  with  this  mechanism  interfered  with  by  cer- 
tain experimental  lesions.  These  lesions  consisted  in  severing  the  vagi, 
removing  the  stellate  ganglia,  thus  abolishing  the  influence  of  the  ac- 
celerator mechanism,  dividing  the  dorsal  roots  of  the  spinal  nerves, 
and  dividing  both  dorsal  and  ventral  roots  of  the  thoracic  nerves. 
Some  experiments  were  also  made  on  the  relation  of  heart  rate  and  blood 
pressure  to  hemorrhage.  Details  of  the  various  types  of  experiments 
are  given  under  the  respective  headings. 

BESPONSE  OP  HEART  RATE  AND  BLOOD  PRESSURE  TO  COMPRESSION  OF 
THE  ABDOMINAL  AOKTA 

1.  With  caTdio-vaacular  nervous  mechanism  intact.  It  was  desired  first 
to  determine  the  nature  of  the  response  of  heart  rate  to  changing  blood 
pressures  with  the  cardio-vascular  nervous  mechanism  intact.  This 
was  done  by  compressing  the  abdominal  aorta  when  the  animal  was 
under  different  stipes  of  ether  anesthesia,  and  also  when  there  hod  been 
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interference  with  the  blood  supply  to  the  bulbar  nerve  centers.    The 
data  are  presented  in  table  1. 

By  reference  to  table  1  it  is  seen  that  under  l^t  anesthesia  compres- 
sion of  the  abdominal  aorta  causes  the  carotid  blood  pressure  to  rise 
immediately;  during  the  continuance  of  the  compression  there  is  a 
gradual  but  marked  fall  in  carotid  pressure  until  the  aorta  is  released. 
Then  the  pressure  falls  immediately  to  a  point  below  its  initial  level. 
Subsequently  the  pressure  continues  to  fall,  but  soon  rises  to  the  level 
before  compression.  The  high  carotid  pressure  produced  by  compres- 
sion of  the  aorta  is  accompanied  by  a  marked  decrease  in  heart  rate. 
When  the  aorta  is  released  and  pressure  falls  the  heart  rate  increases, 
but  does  not  immediately  reach  the  initial  rate.    From  the  averages  of 


Reiponte  of  fuart  rate  and  blood  pretaure  to  compreaaion  of  the  abdominal  aorta, 

wilh  eardio-vaacular  nervoua  mechanitm  intact.    Heart  rate  in  bealt  per 

minute;  blood  pretsvre  in  mm.  Hg,  carotid  artery 


Light  anpsthcaia 

Deep  anestheeia 

Restricted  blood  supply. 
Reversed  Tcsction 


197-186 

104-155 

103-OT-lOO 

145-149-140 


fifty  compressions  upon  thirty-five  different  animals  under  light  anes- 
thesia, there  was  thus  a  compensatory  response  of  heart  rate  to  changing 
blood  pressures  and  Marcy's  law  of  inverse  ratio  of  heart  rate  and  blood 
pressure  applies. 

Under  anesthesia  deep  enough  to  abolish  the  corneal  reflex  the  initial 
blood  pressure  and  heart  rate  are  lower  than  under  light  anesthesia. 
Compression  of  the  aorta  does  not  raise  the  carotid  pressure  as  high 
as  under  light  anesthesia  and  there  is  not  the  marked  fall  in  carotid 
pressure  during  continuance  of  the  compression.  When  the  aorta  is 
released  carotid  pressure  falls  immediately  to  about  the  initial  level. 
Subsequently  it  falls  more  gradually  than  under  light  anesthesia,  then 
rises  very  slowly.     The  high  carotid  pressure  produced  by  compreasiDg 
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the  aorta  is  usually  accompanied  by  a  very  slight  decrease  in  heart  rate, 
but  this  decrease  is  wanting  in  very  deep  anesthesia.  When  the  aorta 
is  released  and  pressure  falls  the  rate  remains  about  the  same  or  de- 
creases slightly.  From  averages  of  twenty-five  compressions  on  ani- 
Dials  under  deep  anesthesia,  it  is  thus  seen  that  there  is  usually  a  slight 
compensatory  response  of  heart  rate  to  blood  pressure  when  the  pres- 
sure is  high  in  the  medulla  oblongata;  when  the  pressure  is  low,  as  upon 
release  of  the  aorta,  this  c<Hnpen8atory  mechanism  is  seriously  interfered 
with  and  the  return  to  the  initial  rate  and  pressure  is  either  perma- 
nently lost  or  very  much  delayed. 

When  the  blood  supply  to  the  medulla  oblongata  is  restricted,  as  in 
hemorrhage  or  in  some  instances  of  partial  ligation  of  the  head  arteries, 
blood  pressure  falls  and  heart  rate  decreases.  Now  when  the  abdomi- 
nal aorta  is  compressed  the  carotid  blood  pressure  rises  immediately, 
as  in  light  anesthesia,  but  not  to  the  same  extent.  During  the  continu- 
ance  of  the  compression,  blood  pressure  at  first  falls  and  then  rises 
slightly.  When  the  aorta  is  released  the  carotid  pressure  immediately 
falls  to  about  the  initial  level,  and  then  continues  gradually  downward. 
When  carotid  pressure  is  high  during  compression  of  the  aprta,  the  heart 
rate  decreases  somewhat,  but  when  the  aorta  is  released  and  carotid 
pressure  falls  the  heart  rate  decreases  with  the  faUing  pressure.  If  the 
auMnia  of  the  medulla  be  severe  or  long  continued,  the  retiun  to  the 
initial  heart  rate  and  blood  pressure  is  lost. 

Under  certain  conditions  there  appears  what  may  be  termed  a  "re- 
versed reaction."  This  is  sometimes  observed  if  the  abdominal  aorta 
is  compressed :  a,  during  the  early  period  of  recovery  following  exces- 
sively deep  anesthesia;  b,  during  recovery  from  pronounced  asphyxia; 
c,  shortly  after  the  regstablishment  of  the  blood  supply  to  the  medulla 
oblongata  after  hemorrhage;  and  d,  during  restricted  blood  supply 
from  ligation  of  the  head  arteries.  Instead  of  a  compensatory  slowing 
of  heart  rate  in  response  to  the  increased  blood  pressure,  the  rate  in- 
creases during  the  period  of  high  pressure  and  continues  to  increase 
even  after  release  of  the  aorta  and  consequent  fall  of  pressure. 

After  observing  the  occurrence  of  this  so-called  "reversed  reacti(Hi" 
majiy  times  in  the  earlier  experiments  of  this  research  and  noting  that 
it  appeared  under  the  conditions  above  mentioned,  it  was  decided  to 
try  to  reproduoe  this  type  of  response  under  controlled  conditions. 
By  referring  to  reactions  15  and  16  in  the  protocol  of  December  23, 1919, 
(p.  360)  it  will  be  seen  that  this  dupUcation  was  possible.  This  reac- 
tion follows  the  recovery  of  the  bulbar  centers  from  anemia  produced 
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by  Ugating  the  bead  arteries  even  wben  the  aDemia  has  been  severe 
enough  to  oecessitate  artificial  respiratioD.  The  first  of  these  compres- 
sions (reaction  15)  was  made  when  the  heart  rate  and  blood  pressure 
were  falling;  the  second  (reaction  16)  shortly  after  and  at  a  higher  level 
of  heart  rate  and  blood  pressure  brought  about  by  the  increased  pres- 
sure and  velocity  of  blood  flow  in  the  medulla  oblongata  by  the  previous 
compression  of  the  abdominal  aorta. 

The  moet  salient  points  (rf  the  facts  above  mentioned,  when  the  cardio- 
vascular nervous  mechanism  is  intact,  are:  a,  Under  light  anesthesia 
there  is  a  compensatory  response  of  heart  rate  to  changing  blood  pres- 
sures, b,  Under  deep  anesthesia  and  also  when  the  blood  supply  to  the 
medulla  is  severely  restricted  there  is  a  slight  compensatory  response  of 
rate  to  pressure  when  pressure  is  raised,  but  when  pressure  falls  this 
response  is  completely  abolished,  c,  There  seems  to  be  a  cert^  level 
to  which  the  functional  activity  of  the  bulbar  cardio>vascular  mechan- 
ism  may  sink  before  permanent  injury  is  done  to  these  central  celts,  a 
level  at  which  subsequent  increase  of  blood  pressure  and  velocity  of 
blood  flow  will  bring  back  their  function,  a  previously  decreasing  heart 
rate  being  accelerated  and  a  blood  pressure  being  restored  equal  to  or 
nearly  equal  to  that  before  the  insult  to  the  bulbar  mechanisms  occurred. 
2.  Response  oj  heart  rate  and  blood  pressuTe  to  compreasum  of  the  ab- 
dominal aorta,  vntk  experimental  lesiom'.  The  behavior  of  the  cardio- 
vascular mechanism  to  changes  in  blood  pressure  when  experimental 
lesions  have  been  produced  by  sectioning  some  or  all  of  the  extrinsic  car- 
diac nerves  is  shown  in  tables  2  and  3.  In  these  tables  averages  are 
given  to  show  the  type  of  response  of  heart  rate  to  changes  in  blood 
pressure  when  the  mechanism  is  intact,  for  comparison  with  the  types  of 
response  when  various  lesions  in  the  mechanism  have  been  produced 
experimentally. 

In  those  experiments  in  which  section  of  the  extrinsic  cardiac  nerves 
was  ultimately  desired,  the  routine  procedure  was  ether  anesthesia, 
tracheotomy,  exposure  of  vagi  and  dissection  for  exposure  of  the  stellate 
ganglia  by  Anderson's  method  as  described  in  Sherrington's  Mammalian 
Physiology  (3). 

It  will  be  observed  that  changes  in  heart  rate  and  blood  pressure  due 
to  the  operative  procedures  alone  are  not  great.  Marey's  law  of  inverse 
ratio  of  rate  to  pressure  holds  upon  compression  of  the  abdominal  aorta 
after  dissection  for  the  exposure  of  both  the  vagi  and  the  stellate  ganglia, 
but,  in  the  case  of  the  latter,  at  a  slightly  lower  level  of  pressure  and  rate. 
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The  specific  difFerences  in  the  types  of  response,  when  lesions  have 
been  produced  experimentally  in  the  extrinsic  cardiac  nerves,  are  here 
set  forth. 

a.  Division  of  vagi,  aceeleratora  intact.  If  the  abdominal  aorta  is 
compressed  after  bilateral  vagotomy  (table  2),  when  the  accelerators 
are  intact,  the  compensatory  response  of  a  lower  heart  rate  to  the  in- 
creased blood  pressure  remains,  but  the  degree  of  compensation  is  much 
less  than  before  division  of  the  nerves.  The  level  of  pressure  is  about 
the  same  as,  and  the  rate  slightly  higher  than,  before  section  of  the  ve^. 
When  the  aorta  is  released  and  pressure  falls,  the  compensatory  resptmse 
of  a  h^her  rate  to  a  falling  pressure  is  lost  and  a  small  decrease  in  rate 
accompanies  the  fall  of  pressure. 


Aeaponu  of  heart  rate  and  blood  prettwe  to  compretnon  of  the  abdominal  aorta, 
after  certain  experimentai  lesiont.  Heart  rate  in  beati  per  minute;  blood  pre»iure 
in  mm.  Bg,  carotid  artery.  Averages  from  experimenti  of  November  It,  ti,  19 
and  tg,  1910 
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Blood 
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Blood  pnuure 

After  tracheotomy... 

After  diBMctioQ  for 

stellate  ganglia. . . . 

After  bilateral  vagot- 

223 
134 
187 
161 

127 

102 
99 

78 

183 
166 
181 
156 

202-178 
173-159 
171-168 
135-133 

214 
171 
178 
149 

lM-130 
99-66-81 
103-^76-76 

After     excision     of 
stellate  ganglia.... 

87-61-68 

b.  Diviaion  of  vagi  followed  by  excision  of  accelerators.  If  the  abdomi- 
nal aorta  is  compressed  after  excision  of  the  stellate  ganglia,  subsequent 
to  division  of  the  vagi,  there  remains  the  compensatory  response  of  a 
decreasing  heart  rate  to  an  increased  blood  pressure.  Both  rate  and 
pressure  are  at  a  lower  level  than  when  the  stellate  ganglia  are  intact, 
the  level  of  pressure  being  comparatively  lower  than  that  of  rate. 
When  the  aorta  is  released  and  blood  pressure  falls  the  heart  rate  does 
□ot  increase  but  decreases  with  the  falling  pressure. 

c.  Excision  of  accelerators  foUowed  by  division  of  vagi.  The  deport- 
ment under  the  conditions  a  and  b  may  be  contrasted  with  what  occurs 
when  the  accelerators  are  removed  first  (table  3).    Here,  immediately 
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aflpr  removal  of  the  ganglia,  the  pressure  is  found  to  have  fallen  greatly 
and  the  rate  to  have  decreased  Bomewhat.  During  compression  of  the 
abdominal  aorta  the  cardio-vascular  mechanism,  after  the  first  sudden 
rise  of  pressure,  compensates,  not  liy  the  usual  gradual  fall,  but  by  a 
gradual  rise  of  pressure  which  continues  during  the  whole  time  of  com- 
pression; compensation  of  rate  to  pressure  is  greatly  diminished,  this 
compensation  being  entirely  lost  after  release  of  the  aorta  and  the  re- 
sulting fall  of  pressure.  Bilateral  vagotomy  itself,  after  the  accelera- 
tors are  removed,  causes  a  further  small  fall  in  blood  pressure  but  an 
increase  in  heart  rate.  Compression  of  the  abdominal  aorta  now  brings 
the  blood  pressure  higher,  with  the  same  inability  on  the  part  of  the 


Beaponte  of  heart  rale  and  blood  preaiure  to  compresiion  of  the  abdominal  aorta, 
after  certain  experimental  hnont.  Heart  rate  in  beati  per  minute;  blood  prtMure 
in  mm.  Ilg,  carotid  artery.  Averages  from  eiiieriments  of  October  ti,  tS  and  19, 
1919 
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cardio-vascular  mechanism  to  bring  about  a  fall  of  pressure  during  the 
maintenance  of  compression.  Instead,  the  blood  pressure  continues 
to  rise  and,  when  the  aorta  is  released,  falls  more  gradually  than  before. 
The  compensation  of  rate  to  pressure  is  almost  lost  during  compression 
and  entirely  lost  when  the  pressure  falls  after  release. 

It  is  thus  seen  that  when  all  the  extrinsic  cardiac  nerves  are  severed 
either  the  heart  rate  falls  somewhat  and  blood  pressure  considerably,  or 
there  may  be  a  greater  fall  in  heart  rate  and  only  a  moderate  fall  in 
blood  pressure.  The  final  result  seems  to  depend  on  whether  the  vagi 
or  the  accelerators  are  sectioned  first.  After  division  of  the  vagi,  when 
the  accelerators  are  intact,  the  heart  rate  usually  increases  somewhat 
though  the  blood  pressure  may  remain  the  same  or  may  fall  slightly. 
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While  there  is  not  Bufiieient  increase  in  rate  to  influence  pressure,  the 
maintenance  of  pressure  aeemB  in  some  way  to  be  connected  with  the 
accelerators  (see  Hunt,  4),  as  is  shown  by  what  happens  when  the  stel- 
late ganglia  are  subsequently  removed,  for  then  both  the  rate  and  presr 
sure  fall. 

Removal  of  the  accelerators  alone  results  in  a  moderate  decrease  in 
heart  rate  and  a  great  fall  in  blood  pressure.  Now  when  the  vagi  are 
divided  subsequent  to  excision  of  the  stellate  ganglia  and  the  impulses 
inhibiting  the  heart  rate  are  removed,  the  rate  increases  somewhat 
though  it  does  not  reach  the  rate  it  maintained  before  the  accelerators 
were  removed,  while  the  pressure  continues  to  fall.  After  an  interval 
the  latter  sometimes  rises,  which  rise  may  possibly  bo  due  to  the  re- 
moval of  the  "  tonic"  effect  of  the  cardiac  nerves  over  the  heart  muscu- 
lature (5),  (6),  (7),  and  a  greater  volume  of  blood  entering  the  heart. 

The  following  summary  will  serve  to  make  more  clear  the  above 
statements: 

Averages  from  experiments  of  November  11,  14  and  S6,  1919 

Rat^  PfBt*urt 

Before  vagi  are  BCCtioned 183  98 

After  vagi  are  divided 188  96-98 

After  stellate  gaoglia  are  removed 161  80 

Percentage  fall  when  vagi  are  divided  first 12  19.2 

Averages  from  experirnenla  of  October  !4>  *S  and  19,  1919 

Before  stellate  ganglia  are  removed 195  116 

After  stellatea  are  removed 167  63 

After  vagi  are  divided 178  51 

Percentage  fall  when  stellate  ganglia  are  removed  first.  . .  8.7  55 

We  might  add  that  when  the  extrinsic  cardiac  nerves  are  divided  the 
type  of  response  to  compression  of  the  abdominal  aorta  also  seems  to 
depend  on  whether  the  vagi  or  accelerators  are  divided  first,  as  we  have 
seen  above  (a,  b  and  c). 

With  all  the  extrinsic  cardiac  nerves  cut  the  heart  rate  is  not  so  sus- 
ceptible to  the  effects  of  low  blood  pressure  as  when  the  nerves  are  in- 
tact. This  is  shown  by  observations  made  after  the  injection  of  sodium 
nitrite  and  after  hemorrh^e.  In  both  of  these  cases  the  heart  rate  is 
relatively  high  even  when  blood  pressure  is  approaching  the  baae  line. 
This  is  to  be  contrasted  with  the  gradual  simultaneous  fading-out  of 
rate  and  pressure  when  the  nerves  are  intact. 
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Id  this  research  it  has  been  observed  also  that  the  left  ventricle  is  not 
firmly  contracted  after  section  of  the  cardiac  nerves.  This  is  in  ac- 
cordance with  previous  observations  of  other  structures.  It  has  been 
found  by  Bierfreund  (cited  by  Pike,  8)  that  the  onset  of  post-mortem 
rigidity  is  delayed  by  the  hemisection  of  the  spinal  cord.  This  occurs 
on  the  hemisected  side.  Sherrington  also  found  later  that  the  onset  of 
r^r  mortis  in  the  hamstring  muscles  is  delayed  by  section  of  the 
appropriate  dorsal  spinal  nerve  roots  of  the  same  side. 


Retponie  of  htarl  rale  and  blood  preiture  to  comprettion  of  the  oMomtnoI  aorta, 
after  certain  experimental  lesiont.  Heart  rale  in  beats  per  minute;  blood  pret- 
ture  in  mm,  Hg,  carotid  artery.  Averagei  from  experiments  of  June  8,  It,  IS 
and  17.  1919 
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d.  Section  oj  dorsal  roots  of  spinal  nerves.  The  data  obtained  on  the 
response  of  the  cardio-vascular  mechanism  to  changes  in  blood  pressure 
after  section  of  the  dorsal  spinal  roots  in  a  region  as  extensive  as  cervical 
6-7  to  lumbar  1-2  are  presented  in  table  4. 

Section  of  the  dorsal  spinal  roots  in  this  region  does  not  abolish  the 
compensation  of  heart  rate  to  high  and  low  blood  pressures.  The  law 
of  inverse  ratio  of  rate  to  pressure  still  holds  true  and  to  practically  the 
same  extent  during  compression  of  the  aorta  and  the  resulting  increased 
pressure.  This  is  shown  also  by  the  following  brief  summary  from  the 
data  of  tables  1  and  4. 
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DuTiDB  oomprenion  of  the  abdominal  aorta  and  high  blood  pressure. 

After  tracheotomy,  decrease  in  heart  rate  ■■  13.6  per  cent. 

After  laminectomy,  decrease  in  heart  rate  —  1S.8  per  cent. 

After  section  of  dorsal  roots,  decrease  in  heart  rate  —  14.7  per  cent. 

When  the  aorta  is  released  and  pressure  falls,  the  degree  of  increased 
heart  rate  to  the  falling  pressure  is  less  after  section  of  the  dorsal  roots 
than  before : 

After  release  of  the  abdominal  aorta  and  falling  blood  pressure. 
Before  section  of  dorsal  roots,  increase  in  heart  rate  -  7.7  per  cent. 
After  section  of  dorsal  roots,  increase  in  heart  rate  =  2.0  per  cent. 

The  similarity  of  response  after  section  of  the  cardiac  nerves  before 
and  after  section  of  the  dorsal  roots  is  to  be  noted.  Bilateral  vagot- 
omy after  section  of  the  dorsal  roots  produces  a  somewhat  lower  level 
of  pressure  than  it  does  when  these  roots  arc  intact.  Removal  of  the 
striates,  subsequent  to  bilateral  vagotomy  after  section  of  the  dorsal 
roots,  results  in  a  much  lowerlevel  of  rate  and  pressure  than  occiurs  when 
these  cardiac  nerves  are  divided  before  the  dorsal  roots  are  cut. 

Previously  it  hB,s  been  noted  that  after  section  of  the  extrinsic  cardiac 
nerves  compensation  of  rate  to  pressure  holds  to  some  extent  during 
high  pressure,  as  during  compression  of  the  abdominal  aorta,  but  is 
lost  after  release  of  the  aorta  and  a  falling  pressure.  This  is  also  true 
when  the  extrinsic  cardiac  nerves  are  divided  after  section  of  the  dorsal 
roots,  although  the  fall  in  rate  after  release  of  the  aorta  is  greater  than 
when  the  dor&al  roots  are  intact.  Sherrington  (9)  notes  the  general 
maintenance  of  arterial  pressure  after  section  of  the  dorsal  spinal 
roots  in  the  thoracic  region. 

There  seems  to  be  a  greater  sensitivity  of  the  cardio-vascular  mech- 
anism to  deep  anesthesia  after  the  dorsal  roots  are  sectioned  than  before. 
This  is  shown  not  only  by  the  complete  lack  of  compensation  of  rate  to 
pressure  when  the  abdominal  aorta  is  compressed,  but  by  both  rate  and 
pressure  falling  to  a  much  lower  level  than  when  the  roots  are  intact. 

e.  Section  of  dmsal  and  ventral  roots  of  thoracic  spinal  nerves  followed 
by  stimulation  of  sciatic  Tterve.  The  usual  response  of  an  increased  heart 
rate  and  blood  pressure  to  stimulation  of  the  sciatic  nerve  is  shown  in 
■figure  1  and  table  5.  Here  it  is  also  seen  that  this  familiar  response 
to  sciatic  stimulation  seems  to  be  abolished  after  section  of  the  spinal 
nerve  roots,  thoracic  1-5,  independently  of  whether  weak  or  sirong 
stimuli  are  ui>ed. 


M 


368  ETHEL  W.   WICKWIRB 

It  is  impossible  to  say,  on  the  ba«i8  of  the  number  of  experiments 
done,  whether  the  above  lack  of  response  to  sciatic  stimulation  is  a 
necessary  effect  of  section  of  these  roots,  or  whether  it  is  due  to  some 
error  of  technique  which  has  not  yet  been  detected.  Section  of  these 
roots,  which  lie  in  the  region  of  the  emergence  of  the  cardiac  acceler- 
ators does  not,  however,  abolish  the  compensatory  ratio  of  rate  to  pres- 
sure upon  compression  of  the  abdominal  aorta  but  does  alter  the  type 
of  response  of  the  cardio- vascular  mechanism  to  changes  in  pressure  from 
that  seen  when  the  accelerators  alone  are  removed.  Instead  of  a  steady 
climb  of  pressure  upward,  when  the  accelerators  only  are  removed,  after 
root  section  pressure  first  rises  and  then  steadily  falls.  And  there  re- 
mains a  slight  compensation  of  an  increased  rate  to  the  falling  pressure 


Fig.  1.  Response  of  he&rt  rate  and  blood  pressure  to  stimulation  of  the  sci- 
atic nerrc  and  to  compression  of  the  abdominal  aorta,  after  certain  experimental 
lesions.  Lower  curves  represent  the  pressure  in  the  carotid  artery;  figures  at  the 
left  indicate  actual  pressures  in  mm.  Bg.  Upper  curves  represent  the  rate  of 
the  heart;  figures  at  the  right  indicate  rates  per  minute.  A  •=  point  of  compre»- 
sion  of  abdominal  aorta;  C  =  point  of  release  of  aorta. 

when  the  aorta  is  released,  which  is  totally  abolished  when  the  stcllatcs 
only  are  excised.  An  increased  rate  follows  bilateral  vagotomy  after 
section  of  these  spinal  roots  as  it  does  when  the  vagi  are  sectioned  after 
removal  of  the  stellates.  But  when  the  aorta  is  compressed,  after  root 
section  and  bilateral  vagotomy,  the  pressiu^  rises  steadily  and  much 
higher  than  when  the  cardiac  nerves  alone  are  cut,  and  the  heart  rate 
falls  with  the  falhng  pressure  after  release  of  the  aorta. 

Further  investigation  of  the  results  of  section  of  these  spina!  roots  in 
combination  with  lesions  in  other  parts  of  the  cardio-vascular  mechan- 
ism will  probably  prove  of  much  interest. 
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Re»pome  of  heart  rale  and  blood  pressure  to  stimvlation  of  the  tciatic  nerve  a 
lo  eompreision  of  Ike  ahdomiaal  aorta,  after  certain  experimental  lesions. 
Heart  rale  in  beul-^  jier  minute;  blood  pressure  in  mm.  Hg,  carotid  artery 
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RESPONSE  OF  HEART  RATE  AND   BLOOD   PRESSURE  TO  HEHORIiHAGE 

The  rdle  played  by  the  accelerators  is  well  shown  in  one  particular 
group  of  experiments,  for  when  severe  hemorrhage  is  followed  by  divi- 
sion of  the  vagi  there  is  a  conspicuous  increase  in  heart  rate,  though  not 
enough  to  rescue  the  slightly  falling  pressure.  The  acceleratora  un- 
doubtedly respond  to  the  emergency  of  a  falling  blood  pressure.  The  sum- 
'  mary  below  presents  the  data  of  three  experiments. 


February  10,  1919.    Before  hemorrhage 

After  hemorrhage 

After  bilateral  vagotomy. 

February  17,  1919.    Before  hemorrhage 

.\fter  hemorrhage     

After  bilateral  vagotomy. 

February  21,  1019.    Before  hemorrhage 

After  hemorrhage 

•  After  bilateral  vagotomy. 

Averages ;  Before  hemorrhage 

After  hemorrhage .'' 

After  bilateral  vagotomy 
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The  r61e  of  the  accelerators  is  further  elucidated  by  an  examinatioD 
of  the  data  obtained  when  hemorrhage  follows  excision  of  the  accelera- 
tors on  one  or  both  sides  with  or  without  bilateral  vagotomy  (table  6). 

The  above  table  presents  some  interesting  comparisons.  A  hemor- 
rhage of  sufficient  volume  to  cause  a  great  fall  in  blood  pressure  before 
a  break  in  the  heart  rate  occurs,  when  the  cardio-vascular  mechanism  is 
intact  (1),  causes  a  somewhat  greater  fall  in  pressure  and  nearly  a  SO 
per  cent  decrease  in  rate  when  the  accelerators  are  excised  (2).    With 


ReaponM  o/  heart  rate  and  blood  prettare  to  kemorrkaft  in  amnection  u 
tain  experimental  lesion*  in  extrinaie  cardiac  nervet.    Heart  rate  in 
per  minute;  blood  preiture  in  mm.  Hg,  carotid  artery 
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2.  Experiment  December  9,  1916 

Accelerators  excised  (vagi  intact) 

16 

80 

3.  Experiments  October  29  and  December 
17,  1919 
Cardiac   nerves    excised    (accelerators 
out  first  +  bilateral  vagotomy) 

16 

4.  Experiment  December  13,  1019 

Excision  of  left  stellate;  bilateral  vs- 

28 

PcrrcntaBc  chanito 

77.7 

all  the  extrinsic  cardiac  nerves  severed  (3),  the  fall  in  pressure  ia  nearly 
as  great  but  with  only  a  slightly  tower  rate  (6.2  per  cent  decrease)  than 
before  hemorrhage  occurred.  With  the  accelerators  of  one  aide  intact 
(4)  the  fall  in  pressure  is  about  the  same  as  when  all  the  cardiac  nerves 
are  severed  but  the  decrease  in  rate  is  somewhat  less  (1.8  per  cent): 
In  the  last  two  instances  it  is  again  seen  that  the  rate  is  not  so  susceptible 
to  low  pressure  when  all  the  extrinsic  cardiac  nerves  are  cut. 

Various  writers  have  called  attention  to  the  fact  that  the  difference  in 
response  to  stimulation  of  the  accelerators  depends  principally  on  the 
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frequency  of  rhythm  before  excitation.  It  seema  also  th&t  this  differ- 
ence in  response  depends  upon  the  level  of  blood  pressure  during  excita- 
tion. This  is  shown  by  results  obtained  when  the  accelerators  are 
stimulated  during  periods  of  a  HiminiBhing  blood  volume  produced  by 
a  series  of  bemorrbages.  When  the  pressure  is  low,  but  the  rate  yet 
hi^,  it  is  found  that  there  is  not  as  great  an  increase  in  rate  from  stimu- 
lation as  when  the  pressure  has  faUen  lower  from  a  greater  loss  of  blood 
and  the  rate  too  b^ins  to  decrease.  It  would  thus  appear  that  there  is 
a  level  of  pressure  at  which  the  effect  upon  rate  from  stimulation  of  the 
accelerators  is  greatest,  other  factors  being  equal.  It  may  also  be  said 
that  the  accelerators  respond  to  artificial  stimulation  when  the  blood 
pressure  has  fallen  much  below  this  level  of  greatest  response  to  excitar 
tion. 

Discnssiox 

In  the  beginning  of  this  paper  it  was  stated  that  this  work  was  under- 
taken with  the  object  of  arriving  at  an  understanding  of  the  reciprocal 
functional  relationships  existing  between  the  cardiac  and  vascular  ner- 
vous mechanisms.  That  this  relationship  exists  can  hardly  be  doubted 
when  we  remember  that  both  heart  and  blood  vessels  have  their  own 
puilcular  functionally  antagonistic  innervations.  To  the  heart  go 
efferent  fibers  that  carry  impulses  from  the  central  nervous  system 
which  increase  or  diminish  its  rate,  and  to  the  blood  vessels  go  efferent 
fibers  that  bring  about  changes  in  blood  pressure  by  dilating  or  con- 
tracting their  vascular  walls.  The  nervous  centers  specifically  con- 
cerned with  the  regulation  of  this  cardio-vascular  mechanism,  located 
in,the  region  of  the  medulla  oblongata,  have  a  wide  relation  with  af- 
ferent nerve  fibers  from  all  parts  of  the  body,  including  the  heart.itself. 
This  makes  it  possible  for  the  heart  and  blood  vessels  to  be  directly  or 
refiexly  influenced  in  their  behavior.  Changes  in  rate  and  amplitude  of 
the  heart  beat,  differences  in  volume  and  tone  of  the  heart  musculature, 
and  changes  in  the  peripheral  resistance  may  all  be  brought  about  by 
nervous  impulses  or  by  changes  in  the  character  of  the  blood  flow 
through  the  medulla  oblongata.  With  this  in  mind  and  rememberii^ 
that  heart  rate  is  closely  related  to  blood  pressure  and  that  conditions 
which  affect  one  influence  the  other,  we  can  now  consider  the  signifi- 
cance of  the  differences  shown  in  the  behavior  of  this  mechanism  when 
various  parts  of  its  regulatory  system  have  been  abolished. 

The  differences,  we  may  say  at  the  outset,  are  closely  related  to  con- 
ditions in  the  bulbar  mechanism.    When  it  is  interfered  with  by  partial 
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or  complete  aaemia,  asphyxia  or  too  deep  anesthesia,  the  effect  on  rate 
and  presaure  following  section  of  the  cardiac  nerves  is  not  ae  great  aa 
when  the  blood  supply  to  the  medulla  is  normal.  And  we  can  say  also, 
from  observation  of  many  experiments,  that  the  vasomotor  center 
seems  more  susceptible  to  sucli  changing  conditions  when  part  of  the 
nervous  mechanism  of  the  cardio-vascular  system  is  eliminated.  When 
bulbar  conditions  are  favorable  there  is  a  reciprocal  response  on  the 
part  of  the  vasomotors,  and  blood  pressure  gradually  rises  after  its  first 
fall  following  section  of  the  cardiac  nerves.  If  the  accelerator  branches 
from  the  stellate  ganglia  have  been  sectioned  this  rise  of  pressure  is  ac- 
companied by  a  marked  increase  in  heart  rate,  which  is  possibly,  even 
probably,  due  to  accelerator  impulses  that  reach  the  heart  through  the 
cervical  ganglia  (10),  (11).  But  if,  instead  of  a  mere  section  of  the  ac- 
celerator branches,  the  stellate  ganglia  have  been  removed  this  rise  of 
pressure  is  unaccoiApanied  by  a  ^hange  in  rate.  In  many  other  cases 
of  a  steadily  falling  pressure  and  presumable  failure  of  the  vasomotors, 
pressure  can  be  raised  by  manipulation  of  the  lower  extremities  and 
abdomen  and  a  redistribution  of  the  blood. 

The  ultimate  heart  rate  and  blood  pressure  after  section  cS  the  car- 
diac nerves  seems  to  depend  on  whether  the  accelerators  or  vagi  are 
divided  first.  In  each  case  the  partially  intact  mechanism  apparently 
adjusts  itself  to  the  altered  conditions,  but  the  manner  of  adjustment 
diflfers  with  the  sequence  of  section.  With  the  accelerators  removed 
and  the  vagi  intact,  the  rise  of  pressure  during  manual  compression  of 
the  aorta  is  not  as  great  as  when  the  impulses  coming  over  the  vagi  are 
also  blocked  out.  It  is  as  if  this  inhibitory  mechanism  were  standing 
guard  against  a  rising  tide  of  pressure  that  might  do  violence  to  t^e 
best  interests  of  the  oi^anism.  When  the  vagi  are  divided,  with  the 
accelerators  intact,  .pressure  from  compression  of  the  aorta  rises  higher 
than  when  the  accelerators  are  excised.  The  fall  in  pressure,  after  re- 
lease of  the  aorta,  continues  longer  and  is  greater  than  before  excision  of 
the  accelerators.  With  the  accelerators  removed  it  is  as  if  the  cardio- 
vascular mechanism  had  lost  part  of  its  efficient  protection  against  a 
falling  blood  pressure  and  the  resultant  harm  to  the  multitude  of  tissue 
cells. 

These  results  would  lead  one  to  the  conclusion  that  when  an  increased 
heart  rate  occurs  in  the  organism  through  the  mediation  of  the  cardio- 
vascular nervous  system,  it  is  due  to  a  positive  activity  on  the  part  of 
an  accelerating  mechanism  and  not  to  some  mechanism  that  inhibits  the 
activity  of  the  inhibitors. 
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This  idea  of  a  mechanism  of  inhibition  of  inhibition  for  the  regulation 
of  heart  rate  and  blood  pressure  in  the  cardio-vascular  system  may  be 
said  to  begin  with  the  discovery  in  1845,  by  the  Weber  brothers,  that 
stimulation  of  the  vagi  inhibits  the  heart  rate.  E.  H.  Weber  extended 
the  notion  of  inhibition  to  the  increased  spinal  activity  after  ablation  of 
the  brain.  Following  the.Webers  came  Setschenow,  who  found  that 
stimulation  of  the  midbrain  and  bulb  prolongs  reflex  time  and  also  that 
a  frog  draws  its  foot  from  acidulated  water  much  later  if  the  brain  be 
stimulated.  But  it  was  not  until  after  his  work,  in  1863,  that  "this 
notion  of  the  inhibition  of  activity  of  one  part  of  the  central  nervous 
by  the  activity  of  another  became  a  working  physiological  thesis"  (12). 
Later  it  was  shown  by  L.  N.  Simonoff  (1881)  and  by  A.  Herzen  (1884) 
that  inhibition  of  spinal  reflexes  was  obtained  from  other  foci  in  the 
brain  and  cord  itself.  This  was  done  by  sensory  stimulation  or  by 
direct  stimulation  of  the  foci  themselves.  "But,"  as  Pike  has  said, 
"in  all  this  infatuation  with  the  hypothesis  of  inhibition,  its  devotees 
lost  sight  of  the  accompanying  positive  motor  phenomena.  Until  some 
reason  is  advanced  for  this  oversight,  the  hypothesis  of  inhibition  is 
open  to  suspicion  of  being  overworked." 

In  the  light  of  later  work  on  the  general  life  processes  of  biological 
mechanisms,  it  seems  that  Setschenow'e  interpretation  took  color,  as  so 
often  happens,  from  the  depressing  poUtical  and  economic  conditions 
of  his  time.  If  the  degree  of  activity  of  the  inhibiting  center  is  itself 
dependent  upon  inhibition,  and  if  the  processes  in  the  organism  go  on 
in  the  interests  of  the  organism,  as  Burdon-Sanderson  phrased  it,  why 
is  there  not  then  this  activity  of  inhibition  of  inhibition  when  the  ac- 
celerators are  removed  so  that  the  heart  rate  and  blood  pressure  may  be 
kept  up?  The  activity  of  the  inhibiting  vagi,  however,  ia  not  stopped 
until  the  impulses  coming  over  the  vagi  have  been  blocked  out  by  double 
vagotomy  or  by  atropirie,  or  if  it  is  stopped,  the  results  are  not  of  the 
same  magnitude  as  when  the  accelerators  are  present. 

It  seems  rather  difficult  to  apply  an  hypothesis  of  inhibition  of  inhi- 
bition for  the  regulation  of  heart  rate  and  blood  pressure  in  the  cardio- 
vascular mechanism  in  view  of  results  obtained  in  this  series  of  experi- 
ments and  the  facts  just  stated. 

My  results  however,  do,  I  beheve,  provide  sufficient  evidence  to 
postulate  a  simpler  mode  of  action  of  the  inhibitor-accelerator  nervous 
mechanism.  This  nervous  mechanism  consists  of:  a,  An  inhibitor 
mechanism  acting  positively  in  the  best  interests  of  the  organism;  i.e., 
to  prevent  overwork  by  a  too  rapid  heart  rate  and  to  bring  about  suf- 
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ficient  periods  of  rest  for  metabolic  repair  of  the  heart  musculature. 
The  exercise  of  this  function  of  the  mechanism  is  not  regularly  medi- 
ated by  means  of  inhibitory  influences  actii^  from  without  upon  the 
mechanism  itself;  b,  an  accelerator  mechanism  acting  positively  in  the 
best  interests  of  the  organism  and  intimately  connected  with  the  main- 
tenance of  blood  pressure.  These  two  functionally  different  parts  of 
this  mechanism  possess  different  thresholds  of  sensitivity  to  the  same 
forms  of  stimuli  and  varying  degrees  of  sensitivity  to  each  of  the  various 
physico-chemical  changes  occurring  within  the  organism. 

Such  an  hypothesis  is  in  complete  accord  with  the  phytiiological  and 
pharmacological  antagonism  of  other  systems  innervated,  as  is  this 
cardio-vascular  system,  through  the  cranio-sacral  and  thoracico-Iumbar 
divisions  of  the  autonomic  nervous  system. 

One  further  point  comes  out  with  regard  to  the  organization  and 
general  deportment  of  the  cardio-vascular  nervous  mechanism,  sug- 
gested by  Prof.  F.  H.  Pike. 

The  degree  of  organization,  to  use  Hughlings  Jackson's  expression, 
of  the  neural  portion  of  the  cardio-vascular  mechanism  is  high;  the 
responses  are,  in  general,  very  specific  in  character,  and  marked  by  the 
absence  of  any  great  variety  of  combinations.  Marey's  law  ex|»%88e8 
a  definite  and  relatively  unvajying  relationship  existing  between  two 
very  definite  conditions.  The  result  may  be  interpreted  as  being  in 
the  interests  of  the  organism.  The  organization  of  the  central  mechan- 
ism is  not,  however,  so  rigid  as  to  prevent  dissociation  of  these  two 
reciprocal  responses  of  heart  rate  and  blood  pressure  when  the  condi- 
tions are  such  that  it  is  in  the  interest  of  the  organism  for  this  disso- 
ciation to  OCCIU-.  As  an  illustration  of  this  we  may  cite  the  deportment 
of  the  cardio-vascular  mechanism  when  the  btood  supply  to  the  medul- 
lary portion  of  it  is  reduced.  If  the  central  mechanism  demands  a  cer- 
tain definite  set  of  conditions  in  the  way  of  volume  at  blood  flow  and 
blood  pressure  for  the  maintenance  of  its  function,  it  is  obvious  that 
such  conditions  can  be  kept  uniform  only  if  the  whole  mechanism  has 
certain  powers  of  adaptation  to  changing  conditions.  The  adaptation 
expressed  in  the  sequence  of  events  described  by  Mark's  law  is  an 
adaptation  to  one  set  of  conditions.  If  conditions  should  change  in 
such  a  way  as  to  demand  a  high  systemic  blood  pressure  for  the  fulfill- 
ment of  the  requirements  of  the  central  mechanism  in  the  way  of  volume 
of  blood  flow  and  blood  pressure,  a  falling  heart  rate  in  response  to  such 
a  high  systemic  blood  pressure  would  be  distinctly  not  in  the  interest  of 
the  organism.    Haldane  has  suQEested  that  the  rigidity  of  the  deport- 
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ment  of  the  respiratory  mechanism  may,  under  certain  conditioDs,  act 
contrary  to  the  interest  of  the  organism.  On  t)iat  view,  the  dissocia- 
tion of  the  normal  response  to  liigh  systemic  blood  pressure  is  to  be 
regarded  as  an  adaptation  to  restriction  of  the  volume  of  blood  flow 
through  the  medulla.  It  would  appear  that  in  the  case  of  the  cardio- 
vascular mechanism  as  well  as  in  the  case  of  the  respiratory  mechanism, 
it  is  the  conditions  in  the  central  mechanism  itself  which,  in  part  at 
least,  determine  its  degree  and  state  of  activity  (13). 

This  dissociation  of  the  usual  reactions  of  the  car dio- vascular  mech- 
anism is  analogous  to  the  dissociation  of  responses  in  vertigo,  as  pointed 
out  by  Wilson  and  Pike. 

To  Prof.  F.  H.  Pike  I  offer  grateful  acknowledgment. 

SUUUARY 

1.  Marey's  law  of  inverse  ratio  of  rate  and  pressure  holds  in  tight 
anesthesia  (deep  enough,  however,  to  insinre  complete  anesthesia). 

2.  This  compensation  of  rate  and  pressure  is  lost  or  seriously  inter- 
fered with  in  deep  anesthesia;  also,  in  restricted  blood  supply  to  the 
medulla. 

3.  What  may  be  termed  a  "reversed  reaction"  appears  under  certain 
conditions  of  anemia  of  the  bulbar  mechanism.  Then>  is  dissociation 
of  the  usual  reactions  of  the  cardio-vascular  mechanism. 

4.  The  accelerators  undoubtedly  respond  to  the  emergency  of  a  fall- 
ing blood  pressure. 

5.  When  the  accelerators  are  excised  there  is  a  greater  percentage 
change  in  rate  and  pressure  both  falling  lower  after  hemorrhage  than 
when  the  accelerators  and  vagi  are  cut. 

6.  These  experiments  demonstrate  the  tonic  activity  of  the  acceler- 
ators. 

7.  The  ultimate  heart  rate  and  blood  pressure,  after  section  of  the  ex- 
trinsic cardiac  nerves,  depends  on  whether  the  vagi  or  accelerators  are 
excised  first. 

8.  Section  of  the  dorsal  spinal  roots,  cervical  6-7  to  lumbar  1-2,  does 
not  abolish  the  compensatory  response  of  heart  rate  to  high  and  low 
blood  pressures. 

9.  When  the  extrinsic  cardiac  nerves  are  divided  the  musculature  of 
the  left  ventricle  remains  more  flaccid  after  de^th  than  when  the  car- 
diac nerves  are  intact. 

10.  There  is  an  inhibitor-accelerator  nervous  mechanism  acting  posi- 
tively for  the  control  of  the  cardio-vascular  system. 
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mTRODUcnoN 

In  a  previous  paper  (1)  the  relation  of  initial  let^h  and  initial  ten* 
sioD  of  auricular  muscle  to  strei^b  of  muscular  contraction  was  pointed 
out  in  a  qualitative  way.  The  present  paper  represents  a  more  exact 
and  quantitative  study  of  the  same  problem. 

Blix  (2)  demonstrated  in  the  case  of  striated  muscle  of  the  frog  that 
tension  developed  is  a  linear  function  of  initial  length  of  muscle  fiber. 
Evans  and  Hill  (3),  employing  the  same  muscle,  find  heat  and  tension 
developed  to  increase  in  direct  proportion  to  the  increase  in  length  of 
muscle  through  an  extension  of  the  original  unloaded  length  amounting 
to  approximately  15  per  cent.  These  changes  in  length,  according  to 
Evans  and  Hill,  approximate  those  normally  occurring  in  situ. 

The  auricle  of  the  turtle  may  undergo  far  greater  changes  in  length 
of  fiber  and  consequently  is  a  suitable  structure  not  only  for  determining 
whether  cardiac  muscle  follows  the  same  laws  as  striated  muscle  but 
also  whether  the  linear  function  of  tension  developed  holds  for  these 
great  changes  in  length  of  fiber. 

It  was  demonstrated  (1)  that  an  increased  auricular  volume  was 
accompanied  by  a  striking  increase  in  strength  of  contraction.  Though 
the  results  indicated  at  that  time  that  length  of  fiber  was  by  far  the  most 
important  factor  influencing  the  strength  of  contraction  yet  some  re- 
sults were  obtained  suggesting  that  initial  tension  might  play  a  minor 
rflle  in  determining  the  force  of  contraction.  Consequently  methods 
were  used  to  determine  the  relative  importance  of  both  initial  length 
and  initial  tension  of  the  cardiac  muscle. 
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It  is  realized  that  the  parallel  fibered  muscle  offers  the  best  condition 
for  studying  the  strength  of  muscular  contraction;  that  the  interlacing 
fibers  and  the  reticular  arrangement  of  the  bundles  of  fibers  in  the 
auricles  may  offer  difficulties.  These  difficulties  are  largely  met  by 
recording  the  pressures  developed  within  the  intact  auricle  rather  than 
the  tension  developed  by  a  strip  of  auricular  tissue.  The  method  neces- 
sarily introduces  factors  involved  nn  the  mechanics  of  the  hollow  sphere 
and  the  results  therefore  have  an  additional  interest  in  supplementing 
earlier  papers  on  the  relation  of  cardiac  volimie  to  cardiodynamice 
(1),  (5),  (6)  and  (7). 

The  methods  employed  are  similar  to  those  previously  described  (1). 
The  auricle  suspended  in  saline  solution  in  a  stoppered  vessel  is  con- 
nected with  a  membrane  manometer  and  a  reservoir  also  containing 
saline  solution.  A  simple  maximum,  minimum  and  mean  valve  devised 
for  these  experiments  is  interposed  between  the  auricle  and  the  reservoir 
to  permit  the  recording  of  isometric  contractions  with  progressively 
changing  auricular  volume  (initial  length).  The  changes  in  auricular 
volume  are  recorded  with  a  piston  recorder  in  connection  with  the  air 
space  above  the  saline  solution  in  which  the  auricle  is  supsended. 

In  the  records  shown,  the  upper  are  the  volume  tracings,  the  lower 
are  the  tension  tracings.  Upstrokes  represent  respectively  an  increace 
in  volume  and  increase  in  tension;  downstrokes,  the  reverse. 

In  these  experiments  we  are  interested  not  only  in  the  amount 
of  pressure  developed  by  the  entire  auricular  musculature  which  is 
recorded  directly  with  the  membrane  manometer  but  in  the  actual 
amount  of  tension  supported  per  unit  of  muscle  as  well.  To  determine 
this  we  must  take  into  account  the  changing  auricular  surface  for  the 
same  amount  of  musculature  spreads  over  a  changing  surface  all  of 
which  is  supporting  the  recorded  pressure.  Assuming  the  auricle  to 
be  spherical  (it  is  of  course  only  roughly  so)  and  knowing  its  volume, 
the  inner  auricular  surface  can  be  computed.  Multiplying  this  by  the 
recorded  initial  and  final  pressure  we  get  the  tension  per  unit  of  muscle. 


The  data  of  this  research  were  obtained  from  twenty-two  experi- 
ments on  the  auricles  of  nine  turtles  (Pseudemis  elegans).  Tables  are 
published  for  three  of  these  experiments  accompanied  in  two  instances 
by  the  records  from  which  the  data  were  obtained.    The  data  are  tabu- 
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lated  in  the  following  way  (see  table  1) :  Column  1 — number  of  contrac- 
tion; columns  2,  3  and  4 — initial  pressure,  final  pressure  and  pressure 
developed  or  the  difference  between  initial  and  final  pressure — all  in 
millimeters  of  water  as  recorded  by  the  manometer  (these  are  the 
intra-auricular  pressures  sustained  and.  developed  disregarding  the 
changing  inner  auricular  surface) ;  columns  5, 6  and  7  represent  auricular 
volume,  inner  auricular  surface  and  length  of  auricular  fiber  in  cubic, 
square  and  linear  millimeters  respectively;  columns  8,  9  and  10  the 
tension  sustained  and  developed  taking  into  account  the  chai^ng 
auricular  surface.  These  are  given  in  weight  (in  cubic  millimeters  of 
wat«r)  sustained  by  the  total  inner  auricular  surface. 

Of  this  data  final  tension  and  tension  developed  are  plotted  on  the 
ordinates  against  length  of  fiber  on  the  abscissas,  in  ^:ure  l,a,b,e  and 
d.  An  idea  of  the  changes  in  initial  tension  sustained  is  obtained  by 
noting  the  vertical  distance  between  the  curves  of  final  tension  and 
tension  developed.  In  figures  4,  a,  b,  c,  d  and  e  the  curves  of  initial 
tension  are  plotted  as  well. 

THE  RELATION  OF  INITIAL  LBNQTH  OF  FIBER  TO  STRENGTH  OF  MUSCULAR 
CONTRACTION 

Previous  results  (1)  on  the  auricle  of  the  turtle  pointed  to  initial 
length  of  fiber  as  the  important  factor  determining  the  amount  of  ten- 
sion developed  agreeing  with  the  conclusions  of  Patterson,  Piper  and 
StarUng  (9)  on  their  work  on  the  mammalian  ventricle.  My  conclu- 
sions were  reached  from  records  similar  to  figure  3  of  the  present  paper. 
It  will  be  noted  in  this  record  that  the  strength  of  contraction  pro- 
gressively increases  as  the  auricle  distends  and  also  that  the  recorded 
initial  preasiu^,  i.e.,  the  pressure  obtaining  at  the  onset  of  auricular 
systole,  is  practically  constant.  Initial  length  of  fiber  was  apparently 
the  only  variable  at  work  influencing  the  strength  of  muscular  contrac- 
tion. Unfortunately  I  had  overlooked  the  factor  of  increasing  intra- 
auricular  suriace  accompanying  the  increase  in  initial  length  of  auricular 
fiber.  We  know  that  whereas  the  circumference  of  a  sphere  increases 
directly  as  the  radius,  the  surface  of  a  sphere  increases  as  the  square  of 
the  radius.  Applying  this  fact  to  observations  on  the  auricle  as  illus- 
trated in  figure  3  in  which  initial  intra-auricular  pressure  remains  con- 
stant, it  is  obvious  that  initial  length  of  fiber  is  not  the  only  variable. 
On  the  contrary,  since  the  same  amount  of  muscle  is  spreading  over  an 
increasing  surface  all  of  which  sustains  a  constant  pressure,  the  initial 
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tension  of  the  individual  fibers  increases  as  the  square  of  the  radius 
whereas  the  length  of  fiber  increases  only  as  the  first  power  of  the  radius. 
Although  Patterson,  Piper  and  Starling  (9)  try  to  differentiate  between 
the  effects  of  initial  tension  and  initial  length  of  fiber,  it  appears  that 
they,  too,  had  overlooked  the  effect  which  an  increasing  surface  must 
have  upon  the  initial  tension  of  the  individual  fibers. 

We  might  in  various  ways  argue  the  relative  effects  of  initial  tension 
and  of  initial  length  of  muscular  fiber,  yet  it  is  more  satisfactory  to  dis- 


Fig.  1 

Bociate  these  factors  by  direct  experiment.  We  have  noted  in  some 
few  experiments  that  as  the  length  of  fiber  increased,  a  synchronous 
decrease  in  initial  intra-auricular  pressure  occurred.  Such  results  were 
obtained  when  the  auricle  was  undergoing  oscillations  of  tone  by  allow- 
ing saline  to  enter  the  auricle  during  the  phase  of  tonic  relaxation.  Since 
the  intra-auricular  pressure  may  decrease  out  of  proportion  to  the 
increasing  surface  and  since  tonic  relaxation  per  ee  is  detrimental 
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rather  than  beneficial  to  strength  of  contraction,  it  ^pears  that  the 
increasing  strength  of  contraction  invariably  accompanying  increaong 
length  of  fiber  is  primarily  due  to  the  increasing  initial  length  of  fiber. 

Having  dissociated  the  effects  of  initial  tension  and  initial  lei^h  of 
fiber  under  the  conditions  just  described  it  is  of  interest  to  analyze  the 
quantitative  data  on  the  relation  of  strength  of  contraction  to  initial 
length  of  fiber. 

The  results  of  a  series  of  contractions  with  progressively  increasing 
length  of  muscle  fiber  are  tabulated  and  plotted  in  table  I  and  figure 
1,  a.    At  contraction  number  3,  the  auricular  volume  is  480  cmm.  and 
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at  contraction  number  70  the  volume  is  662  cmm.  Assuming  the 
auricle  to  be  spherical  the  length  of  fiber  with  number  70  is  60  mm. 
approximately  196  per  cent  greater  than  with  number  3.  The  final 
tension  sustained  at  number  70  is  1627  per  cent  greater  than  the  tension 
sustained  at  number  3.  The  tension  developed  is  930  per  cent  greater 
than  that  developed  at  number  3. 

The  curves  of  final  tension  and  tension  developed  are  plotted  in  figure 
1,  a.  Final  tension  is  represented  by  a  curve  with  the  concavity  up- 
wards whereas  tension  developed  is  represented  by  an  approximate 
straight  line.    Final  tension  represents  two  processes,  sustenanee  of 
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initial  tensioD  and  development  of  tension.  Sustenance  of  ten8i<Hi 
premunably  is  a  non-energy  consuming  process.  According  to  Hill, 
tension  developed  represents  the  energy  consuming  processes  of  muscu- 
lar ctHitraction  in  which  we  are  particularly  interested. 

Three  similar  experiments  are  represented  in  figure  1,  b,  e  and  d. 
Ilie  tables  are  omitted.  The  fluctuations  in  ciu^es  I,  b  and  1,  e  are 
due  to  tonus  oscillations  and  do  not  concern  us  here.  Ignoring  then 
these  oscillations  we  note  again  that  tension  developed  is  represented 
by  a  straight  line.  Though  in  some  few  experiments  (see  fig.  4)  the 
curve  of  tension  developed  is  not  as  straight  as  in  figure  1,  a,  b,  e,  d, 
and  though  the  computations  for  the  curves  are  based  on  the  assump- 
tion that  the  aiuicle  is  perfectly  spherical,  the  results  on  the  whole 
indicate  that  cardiac  muscle  behaves  to  extemdon  as  does  striated 
muscle;  that  in  cardiac  muscle  tension  developed  is  a  linear  function  of 
initial  length  of  muscle  fiber.  Of  particular  interest  as  concerns  the 
theories  of  muscular  contraction  is  the  fact  that  this  relation  holds  for 
such  great  variations  in  initial  length  of  muscle  fiber,  far  greater  than 
those  occurring  in  striated  muscle. 

THE  RELATION   OF  INITIAL  TENSION  TO  STRENGTH  OF  UtJSCULAR 
CONTRACTION 

When  an  auricle  executes  a  series  of  isometric  contractions  with  a 
constant  volume  the  strength  of  contraction  remains  constant.  If, 
during  such  a  scries  of  contractions,  a  tonus  oscillation  occurs,  the 
strength  of  contraction  varies  even  though  the  length  of  muscle  fiber 
must  necessarily  remain  unchanged.  It  is  found  that  final  tension  and 
tension  developed  increase  with  the  rise  of  initial  tension  s>-nchronous 
with  tonic  contraction.  These  results  suggest  the  beneficial  effect  of 
initial  tension  upon  muscular  contraction  but  unfortunately  the  change 
in  initial  tenuon  is  a  resuH  of  a  tonus  oscillation  which  in  itself  may  be 
the  factor  influencing  the  clonic  contraction. 

Another  method  may  be  used  for  dissociating  the  effects  of  initial 
tension  and  initial  length  of  fiber.  If  a  series  of  isometric  contractions 
is  obtained  first  with  increasing  and  then  with  decreasing  lei^h  of 
fiber,  as  in  figure  2,  it  is  seen  that  for  any  given  initial  length  of  fiber 
the  initial  tension  is  higher  in  the  first  series  of  contractions  in  which 
the  auricular  volume  is  increasit^,  than  in  the  second  series  with 
decreasing  volume.  Other  thii^  being  equal,  it  would  follow  that  if 
initiiU  tension  exerts  a  beneficial  effect  on  muscular  contraction  the 
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tension  developed  per  given  length  of  muscle  fiber  should  be  greater  iii 
the  series  with  increasing  length  of  fiber  than  in  the  series  with  decreas- 
ing length  of  fiber.  Before  discussing  the  results,  attention  should  be 
called  to  the  method  employed  in  obtaining  such  records  and  its  influ- 
ence on  the  interpretation  of  the  results.  In  the  first  series  with  in- 
creasing length  of  fiber,  the  reservoir  is  raised  tci  insure  an  adequate 
filling  pressure.  The  valve  is  turned  to  the  maximum  position  per- 
mitting the  solution  to  enter  but  not  leave  the  auricle.  Aside  from  the 
diminution  in  volume  permitted  by  capacity  change  of  the  manometer, 
the  contractions  are  isometric.  In  the  second  scries  with  the  initial 
length  diminishing,  the  reservoir  ia  lowered  to  zero  pressure  and  the 
valve  turned  to  mean  position  allowing  a  small  but  continuous  leakage 


Fig.  3 

from  the  heart  back  to  the  reservoir.  The  resistance  in  the  valve  is 
high  enoi^h  to  permit  the  development  of  large  pressure  changes  dur- 
ing contraction  so  that  the  contractions  approach  isometricity  but  not 
as  closely  as  the  contractions  associated  with  increasing  length  of  fiber. 
In  consequence,  a  recorded  tension  in  the  second  series  indicates  a 
stronger  contraction  than  the  same  recorded  tension  in  the  first  series. 
The  data  obtained  from  figure  2  are  given  in  table  2  and  plotted  in 
figure  4,  a,  b  and  c.  Figure  4,  a  represents  the  curves  of  final  tension, 
4,  b,  curves  of  initial  tension  and  4,  c,  curves  of  tension  developed.  The 
curves  of  the  first  and  second  series  are  designated  1  and  £  respectively. 
Final  tensions  sustuned  in  the  two  series  are  nearly  equal.    The  ciuve 
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of  initial  tension  sustained  is,  however,  markedly  lower  in  series  2  than 
in  series  1.  The  curve  of  tension  developed  therefore  is  greater  in 
series  2  than  in  series  1.  Such  results  might  suggest  either  that  initial 
tension  may  have  a  detrimental  effect  upon  muscular  contraction  or  that 
since  the  curves  of  final  tension  sustained  run  nearly  the  same  course 
that  muscle  at  a  definite  length,  other  things  being  equal,  is  able  to 
sustain  a  definibe  final  tension — the  actual  tension  developed  being 
dependent  upon  the  level  to  which  the  initial  tension  falls  between 
contractions. 


Fig.  4 

The  experiment  represented  in  figures  3  and  4,  d  and  e,  and  table  3 
bear  on  these  two  suggrations.  Here  again  initial  tension  is  higher  in 
the  first  series  than  in  the  second  series.  The  difference  in  initial 
tensions,  however,  is  so  slight  that  a  marked  e£Fect  upon  the  strength  of 
contraction  could  hardly  be  expected.  The  greater  tension  developed 
in  the  second  series  is  primarily  due,  in  this  experiment,  to  the  higher 
final  tension  rather  than  the  lower  initial  tension. 

Not  knowing  of  the  work  of  du  Bois  Reymond  (10)  and  Osborne  and 
Sutherland  (11),  I  sought  for  more  data  in  the  behavior  of  inflated  and 
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deflated  balloons.  If  one  inflates  and  then  deflates  a  balloon  and  plots 
the  pressures  on  the  ordinates  against  the  radius  or  circumference  on 
the  abscissas,  curves  similar  to  those  in  flgurc  5  are  obtained.  In  that 
the  pressures  on  deflation  are  lower  per  given  circumference  than  on 
inflation  they  are  analogous  to  the  initial  pressures  in  the  auricle  with 
increasing  and  decreasing  length  of  fiber.  In  this  connection  it  is  inter- 
esting to  note  that  I^ngelaan  (12)  noted  a  similar  hysteresis  in  the 
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striated  muscle  of  the  frog.  The  question  naturally  arises,  is  this  hys- 
teresis common  to  muscle  and  rubber  of  significance  in  the  processes 
of  muscular  cootraction?  There  is  reason  to  believe  (13)  that  in  the 
caae  of  rubber  the  change  in  structure  upon  which  the  difference  of 
" initial' tension"  depends  is  only  temporary  (curve  /  can  be  duplicated 
after  curve  S)  and  we  might  be  justified  in  inferring  that  in  the  series  of 
auricular  contractions  with  decreasing  length  of  fiber  the  structure 
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of  the  muscular  elements  upon  which  the  contractile  proceeses  depend 
is  likewise  different  from  the  structure  of  the  muscle  during  the  decrease 
in  length  of  fiber. 

There  is  another  possible  explanation  also  based  upon  the  previous 
history  of  the  muscle,  in  this  case  chemical  rather  than  phymcal.  The 
staircase  phenomenon,  for  example,  is  explained  on  the  basis  of  liber- 
ated metabolites  formed  during  contraction,  which  collect  in  the  muscle 
and  influence  subsequent  contractions.  Applying  this  to  the  auricle — 
as  the  muscle  contracts  with  pro- 
gressively increasing  length  of  fiber 
the  amount  of  metabolites  liberated 
with  each  contraction  presumably 
increases.  In  a  series  with  decreas- 
ing length  of  fiber  the  reverse  would 
occur.  But  the  difference  between 
the  two  series  may  be  that  in  series 
1  with  increasing  lei^h  of  fiber  the 
muscle,  so  to  speak,  never  catches 
up  with  itself  in  the  supply  of  these 
products,  for  with  increasing  length 
of  fiber,  the  demands  on  the  muscle 
are  steadily  increasing  while  in 
the  series  with  decreasing  length  of 
fiber  it  is  always  ahead  of  itself  for  then  the  demands  on  the  muscle  are 
steadily  diminishing, 

These  explanations  of  the  experiments  bearing  upon  initial  tension 
are  admittedly  speculative.  The  results  of  the  experiments,  however, 
have  a  definite  value  in  pointing  to  a  possible  detrimental  effect  of 
initial  tension  upon  muscular  contraction  rather  than  a  beneficial  effect. 
The  results  enhance  the  value  of  the  quantitative  experiments  on  the 
effect  of  initial  length  of  fiber  upon  strength  of  muscular  contraction. 


Fig.S 


A  NOTE  ON  TONUS 

A  note  on  tonus.  There  is  an  apparent  analogy  in  the  behavior  of 
rubber,  auricular  muscle  and  the  peculiar  catch  muscle  of  the  bivalve 
mollusk  Pecten  described  by  Pamas  (15),  Uexkuell  (16)  and  others 
which  may  be  of  significance.  The  muscle  of  the  Pecten  though 
powerful  in  that  it  can  support  a  heavy  weight  is  relatively  weak  in 
that  its  lifting  power  is  small.    Recalling  the  curves  of  inflation  and 
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deflation  of  the  rubber  balloon,  the  anali^y  is  apparent.  Since  on  de- 
flation the  balloon  contracts  and  expels  air  and  is  therefore  lifting, 
rubber  at  a  given  length  can  sustain  a  heavier  weight  than  it  can  lift. 
How  real  this  analogy  is  we  of  course  do  not  know,  yet  it  is  very  inter- 
esting to  perform  the  Pocten  experiment  upon  the  balloon  in  the 
following  manner:  If  the  partially  inflated  balloon  be  enveloped  and 
supported  by  the  hand  and  then  compressed  to  a  slightly  smaller  volume 
by  forcing  water  into  the  manometer  with  which  it  is  connected  (which 
is  comparable  to  passively  closing  the  shells  of  the  Pecten),  when  the 
hands  are  released  the  water  fails  by  several  centimeters  to  fall  to  the 
original  level.    The  rubber  again  holds  more  than  it  can  lift. 

To  be  sure  the  catch  mechanism  is  developed  more  highly  in  the  catch 
muscle  of  the  Pecten  yet  this  does  not  necessarily  spoil  the  analogy  for 
the  mechanism  is  developed  to  diSerent  degrees  in  rubber  just  as  it  is 
in  muscle  imder  varying  conditions.  From  the  description  of  Pamas 
(15)  it  appears  that  in  the  weakened  Pecten  an  appreciable  interval  of 
time  must  elapse  after  passive  closing  of  the  valves  before  the  muscle 
will  resist  stretching.  In  that  respect  the  analogy  between  rubber  and 
muscle  may  be  extended,  for  if  an  inflated  balloon  is  deflated  and 
promptly  reinflated,  the  curve  of  reinflation  is  little  higher  than  the 
curve  of  deflation.  But  if,  as  Osborne  and  Sutherland  (11)  showed, 
rubber  is  allowed  to  "rest"  the  first  curve  of  inflation  may  be  dupli- 
cated. Apparently  opportunity  must  be  given  for  the  molecules  to 
rearrange  themselves  or  approximate  each  other  more  closely  if  the  force 
of  attraction  is  to  increase.  If  a  balloon  just  deflated  be  subjected  to 
a  mechanical  shock  such  as  slapping  sharply  in  the  hand,  the  first  curve 
of  inflation  may  be  promptly  approximated.  Strong  light  also  tends 
to  restore  the  properties  of  recently  stretched  rubber.  It  may  be  that 
these  differences  in  the  properties  of  rubber  under  different  conditions 
are  due  to  the  formation  of  molecular  aggregates  for  it  has  been  found 
(17)  that  shaking  a  rubber  solution  may  double  its  viscosity  through 
the  formation  of  these  aggregates.  It  has  also  been  noted  that  rubbing 
of  stretched  rubber  produces  microscopic  structural  changes  (13).  It 
may  be  that  the  catch  mechanism  of  muscle  in  its  ultimate  analysis 
is  not  comparable  to  the  phenomenon  shown  by  rubber,  yet  attention 
should  be  called  to  a  possible  analogy  between  a  purely  chemical  or 
physical  phenomenon  and  a  so-called  physiological  phenomenon. 
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The  part  played  by  the  pancreas  in  producing  hyperglycemia  and 
glycosuria  in  diabetics  has  been  the  subject  of  much  study.  But  there 
has  been  a  tendency  to  forget  the  pancreas  when  dealing  with  glyco- 
surias and  hypei^lycemias  not  directly  associated  with  diabetes  (1). 
We,  as  well  as  others,  have  been  guilty  of  this.  In  too  many  instances 
the  attention  has  been  centered  only  on  liver  glycogen,  nerve  supply  to 
the  liver,  and  adrenal  secretion.  It  is  well  known  that  the  removal 
of  the  pancreas  will  always  cause  a  severe  and  uncontrollable  hyper- 
glycemia and  glycosuria.  This  leaves  no  doubt  that  the  pancreas 
exerts  an  ever-present  influence  on  the  mobilization  of  dextrose  in  the 
body.  There  is  no  reason  to  consider  that  the  pancreatic  influence  may 
not  be  subject  to  the  same  variation  as  the  influence  of  any  other 
organs  or  tissues  of  the  body.  Therefore,  we  have  been  led  to  inves- 
tigate the  relation  of  pancreatic  influence  on  the  hyperglycemia  resulting 
from  ether  anesthesia. 

GXPERIUENTAL  WOKE 

A  number  of  healthy  dogs  were  depancreatiised.  The  removal  of 
the  organ  was  accunplished  in  two  operations.  At  the  first,  the  entire 
pancreas  was  removed  except  the  tip  of  the  tail  of  the  gland.  This, 
with  its  blood  supply  still  intact,  was  drawn  through  the  abdominal 
wall  and  sutured  under  the  skin.  At  the  second  operation,  about  a 
week  later,  the  remaining  portion  of  the  pancreas  was  removed  and  the 
pedicle  ligated. 

On  accoimt  of  the  mortality  following  anesthesias,  we  were  forced  to 
make  observations  after  the  first  operation,  or  on  partially  pancreatec- 
tomized  dogs,  on  one  group  of  animals  and  observations  on  completely 
pancreatectomized  dogs  of  another  group. 
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The  group  of  partially  pancreatcctomized  aoimals  were  not  glyco- 
Buric.  They  appeared  to  be  in  a  healthy  condition.  The  effect  of 
ether  anesthesia  on  the  blood  sugar  was  determined.  About  10  cc.  of 
blood  were  taken  through  a  hypodermic  needle  and  oxalated.  Ether 
ihen  was  administered  by  inserting  the  head  of  the  animal  into  a  cyliB* 
der  into  which  air  that  had  passed  through  ether  was  forced.     After 


EJJFerl  of  ether  on  glycemia  of  partially  pancreatectomited  animals 


Bctorf  ether 

After  IS  DiiuutHsthrr 

IBC^ 

2 
3 

4 

ptrctnl 
0.110 
0.100 
0.083 
0.081 

per  rent 
0.189 
0.120 
0.111 
0.112 

(wcmf 

0,079 
0.020 
0.02S 
0.081 

Average 

0.0935 

0.1330 

0.0395 

TABLE! 

B  glycemia  of  completely  panCTtaleetomxMd  animali 


DUCrBOtE  IN  BLOOD 

Hffo™  ether 

Incn. 

percenl 

ptrnnt 

p<ruiK 

5 

0  344 

0.400 

0056 

e 

0344 

0.392 

0048 

7 

0.256 

0.322 

0066 

8 

0,285 

0327 

0  042 

9 

0287 

0.300 

0  013 

10 

0377 

0.400 

0.023 

Average 

0  3155 

0.356S 

0.0413 

.  fifteen  minutes  of  surgical  anesthesia,  a  second  sample  of  blood  was 
taken  in  the  same  manner  as  before.  The  dextrose  content  of  the 
blood  was  determined  by  Benedict's  method  (2).    The  results  expressed 

.  in  percentage  of  dextrose  in  blood  are  given  in  table  1. 

The  second  group  of  animals  consisted  of  those  which  had  had  a  com- 
plete pancreatectomy.  Thiiy  all  had  glycosuria.  They  were  all  active, 
bright  and  ready  to  eat  and  drink.    They  were  given  a  meat  diet  exclu- 
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eively.  Two  of  the  animala  were  treated  exactly  like  those  of  the 
preceding  group.  On  others  of  this  group  it  was  thought  best  to  measure 
the  changes  in  the  output  of  urinary  sugar  as  well  as  blood  sugar. 
Therefore  a  catheter  was  passed  through  the  urethra  into  the  bladder 
and  left  in  place  throi^hout  the  test.  The  bladder  was  first  emptied 
and  was  then  washed  out  with  10  cc.  of  water  three  times.     The  ani- 


ckangea  in  blood  and  v 


TABI£3 

e  of  pancreaiectomiied  animaU  induced  by  ether 


BSrOBE  BTHM 

Befon;  ether 

AfWrl  hour  ether 

DDBIHO    ETBEB 

perceM 

ptTcaU 

trtm. 

tnmi 

7 

0.256 

0.327 

0.411 

oxm 

8 

0.285 

0.340 

0.719 

0242 

9 

0,287 

0-303 

0.336 

0.227 

10 

0.377 

0  410 

1.032 

0.515 

Deilrote  changes  in  blood  and  u 


TABLE  ^ 
le  of  pancreaUctomized  animal)  induced  by  ether 


INCIlIiMIBDEmmWE 

DECBEAHE  IW  DEXTBIME 

CH.NOEINBOBT 

Dt'ETOtHOUBtTrniR 

DC'ETat  HOUBSTHEB 

onm) 

BTtmi 

7 

0.574 

0  349 

+0.225 

8 

0.363 

0.477 

-0.114 

9 

0.101 

0.109 

-0,008 

10 

0.267 

0.617 

-0.250 

First  average 

0.3262 

0.3630 

-0-0368 

Second  average 

0.2436 

0.3676 

-0-1240 

Dits  the  values 


mal  was  kept  on  the  board  half  an  hour  and  at  the  end  of  that  time  the 
urine  was  drawn  off  and  the  bladder  washed  out  exactly  as  before. 
The  urine  and  bl&dder  washings  were  combined  and  analyzed  for  dex- 
trose according  to  Benedict's  method  (3).  A  sample  of  blood  was 
taken  and  ether  was  given  in  the  usual  manner  described  above.  After 
fifteen  minutes  of  anesthesia  a  second  sample  of  blood  was  taken.  At 
the  end  of  half  an  hour  of  anesthesia  a  third  blood  sample  was  taken 
and  the  urine  collcctijd  as  before.    The  results  expressed  in  percentage 
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of  dextrose  in  blood  are  given  in  table  2.  The  results  expressed  in  per- 
centage of  dextrose  in  blood  and  grama  of  dextrose  in  the  urines  for 
two  half-hours  are  given  in  table  3.  Deductions  from  table  3  are 
given  in  table  4. 

DISCUSSION 

In  table  1  is  expressed  the  effect  of  fifteen  minutes  of  ether  anesthesia 
on  the  blood  sugar  of  animals  possessing  only  a  small  fraction  of  pan- 
creas and  that  in  an  abnormal  location.  The  animals  were  undieted. 
There  was  the  usual  individual  variation  which  makcsindividualchanges 
of  much  less  significance  than  the  average  from  a  group  of  animals. 
However,  it  is  worth  noting  that  there  was  a  decided  increase  in  the 
glycemia  of  every  animal.  The  average  blood  sugar  before  anesthesia 
was  0.0935  per  cent  and  after  anesthesia  0.133  per  cent  of  blood  dex- 
trose. The  average  increase  in  these  animals  was  0.0395  per  cent.  In 
a  previous  paper  (4)  the  effect  of  fifteen  minutes  of  ether  anesthesia 
on  the  blood  sugar  of  seventeen  normal  dogs  was  reported.  The 
average  blood  content  of  dextrose  before  anesthesia  was  0.090  per 
cent  and  after  fifteen  minutes  of  ether  anesthesia  produced  in  our 
usual  way  the  bloods  averaged  0.127  per  cent.  The  increase  was  0.037 
per  cent.  The  close  agreement  between  the  effect  of  ether  on  normal 
dogs  and  dogs  with  much  less  than  the  normal  pancreas,  leads  us  to 
conclude  that  an  influence  on  carbohydrate  metabolism  equal  to  nor- 
mal was  being  exerted  by  these  small  pieces  of  pancreas  implanted 
under  the  skin.  Ether  disturbed  the  equilibrium  just  the  same  as  in 
normal  dogs. 

In  table  2  is  expressed  the  percentage  of  blood  sugar  before  and  after 
anesthesia  of  animals  without  a  pancreas.  The  high  glycemia  is  strik- 
ing. It  is  fully  three  times  the  amount  normally  found.  All  the  ani- 
mals had  severe  glycosuria.  The  average  dextrose  content  of  the 
blood  before  ether  was  0.3155  per  cent  and  after  fifteen  minutes  of 
ether  anesthesia  0.3568  per  cent.  There  was  an  average  increase  of 
0.0413  per  cent.  It  is  notable  that  the  values  before  and  after  ether 
were  particularly  hi^h  and  that  the  increase  agrees  well  with  the 
hyperglycemia  of  normal  animals.  If  there  were  no  changes  in  the 
rate  of  dextrose  excretion  by  way  of  the  urine,  this  ^reement  between 
the  increase  of  normal  and  pancreatectomized  dogs  would  be  of  con- 
siderable  s^nificance. 

In  order  to  determine  whether  there  was  any  change  in  the  dextrose 
excretion  brought  about  in  these  pancreatectomized  dogs  by  ether  ane»- 
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thesia,  the  dextrose  excreted  the  half-hour  before  ether  and  the  half- 
hour  during  ether  anesthesia  was  determined.  From  table  3  it  is 
noted  that  in  the  half-hour  there  was  a  decided  increase  in  the  blood 
sugar  percent^es  and  also  a  decided  decrease  in  the  grams  of  urinary 
dextrose.  In  table  4  it  is  possible  to  compare  the  blood  increases 
with  the  urine  decreases.  The  blood  increases  expressed  in  grams  were 
calculated  from  the  percentages  of  dextrose,  the  weights  of  the  dogs 
and  Howell's  blood  and  body  weight  factor  (5)  of  7.7  per  cent. 

With  the  exception  of  dog  7,  there  was  in  every  case  less  increase 
in  blood  sugar  than  there  was  decrease  of  urine  sugar.  The  [>oa8ible 
cause  of  this  exception  was  that  during  the  anesthetic  dog  7  stopped 
breathing  and  nearly  died.  The  asphyxia  in  this  case  was  severe  and 
capable  of  causing  marked  disturbances  of  the  carbohydrate  regulatory 
mechanism.  The  average  which  includes  all  the  animals,  shows  a 
decrease  in  dextrose  mobilization  of  0.036S  gram  due  to  ether  anes- 
thesia of  the  half-hour.  The  second  average  which  does  not  include 
dog  7  shows  areduction  in  dextrose mobilization'ofO.]24gram.  There 
is  no  doubt  that  the  removal  of  the  pancreas  removed  at  least  one  of 
the  sites  of  action  of  ether  in  its  production  of  hyperglycemia. 

Cannon  (6)  worked  out  the  mechanism  of  the  mobilization  of  dex- 
trose by  pain,  fear  and  rage.  These  factors  are  capable  of  stimulating 
the  nerve  endings  in  the  adrenals,  a  stimulation  which  results  in  the 
freeing  of  epinephrin  into  the  blood  stream.  This  epinephrin  acts 
directly  on  the  glycogen  of  the  liver  to  set  free  dextrose.  Stewart 
objects  to  some  of  these  findings  (7). 

Macleod  (8)  has  presented  data  which  leads  him  to  conclude  that 
sympathetic  nerve  terminations  controlling  glycogenic  function  can  be 
stimulated  either  by  excess  of  adrenalin  in  the  blood  or  by  nerve  impulses 
alone. 

It  is  a  well-known  fact  that  the  removal  of  the  pancreas  causes  a 
disappearance  of  glycogen  from  the  liver  and  the  production  of  an  un- 
controllable hypei^Iycemia  and  glycosuria.  Allen  (9)  concludes  that 
derangement  in  the  internal  secretion  from  the  pancreas  is  the  factor 
most  concerned  in  the  etiology  of  diabetes.  The  pancreatic  internal 
secretion  must  have  an  inhibitory  effect  on  the  Uberation  of  glycogen, 
since  the  removal  leads  to  a  rapid  disappearance  of  glycogen. 

Thus  we  have  strong  experimental  evidence  that  there  are  three  im- 
portant influences  being  exert«d  on  stored  glycogen,  i.e.,  adrenalin, 
sympathetic  nerve  endings  and  pancreaticintemalsecretion.  The  nerve 
endings  and  adrenalin  exert  an  influence  to  Uberate  dextrose  from  gly- 
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cogen.  Pancreatic  internal  Becretion  exerts  an  influence  to  prevent  the 
liberation  of  dextrose  from  glycogen.  So  there  is  for  glycolysis  an  in- 
hibitor>'and  an  acccleratorymechanism.amcchaniBm  which  is  common 
to  many  of  the  body  functions.  If  this  be  true,  no  discussion  or  inves- 
tigation of  any  condition  which  has  to  do  with  the  mobilization  of  dex- 
trose is  complete  unless  all  these  factors  are  considered.  There  is  no 
more  reason  for  regarding  the  internal  secretion  of  the  pancreas  as  in- 
variable than  for  so  regarding  the  internal  secretion  of  the  thjToid, 

Our  results  show  that  ether  docs  not  bring  about  the  mobilization  of 
sugar  in  the  animal  without  a  pancreas,  a§  it  does  in  a  normal  one. 
Since  the  pancreas  inhibits  glycolysis,  we  conclude  that  ether  reduces 
the  activity  of  the  pancreatic  internal  secretion  of  normal  dogs,  and 
thus  increases  dextrose  mobilization.  It  may  be  objected  that  the 
store  of  glycogen  was  so  depleted  after  pancreatectomy  that  dextrose 
could  not  be  liberated  in  normal  amounts.  This  objection  will  not 
hold  because  large  amounts  of  dextrose  were  being  freed  into  the  blood 
and  excreted  by  the  urine  hourly  as  was  indicated  by  the  blood  and 
urine  content  stated  in  the  tables. 

Keeton  and  Ross  (1)  presented  data  suggesting  that  the  action  of 
ether  to  cause  hyperglycemia  was  through  hepatic  nerve  influence  and 
not  chemical  action  directly  on  the  liver  cells.  They  did  not  take  into 
consideration  the  internal  secretion  of  the  pancreas.  Because  they  did 
not  get  hyperglycemia  with  ether  in  bi-splanchnectomized  animals, 
they  concluded  that  ether  could  not  be  working  on  the  liver  directly. 
The  most  probable  cause  for  this  result,  under  these  conditions,  was 
that  the  cutting  of  the  nerves  to  the  adrenals  reduced  the  epinephrin 
output  more  than  ether  reduced  the  internal  secretion  of  the  pancreas. 
Since  the  adrenals  encourage  glycolysis  and  the  pancreas  inhibits  it, 
the  result  would  be  an  absence  of  a  hyperglycemia,  a  result  which  was 
obtained. 

In  a  previous  publication  (10)  it  was  found  that  chloroform  hyper- 
glycemia was  not  reduced  by  atropin  as  was  the  case  with  ether  hyper- 
glycemia. The  mechanism  of  the  two  must  have  certain  differences. 
In  view  of  the  present  conclusions  and  since  we  know  chloroform  seri- 
ously injures  liver  cells,  it  is  possible  to  say  that  the  results  were  due  to 
the  inability  of  the  injured  nerve  endings  in  the  liver  and  the  adrenalin 
to  accomplish  as  much  change  in  glycogen  stored  in  cells  whose  walls 
had  been  injured  and  whose  chemical  equiUbrium  had  been  altered,  as 
normally.  So  that  possibly  chloroform  reduces  the  pancreatic  internal 
secrel.ion  exactly  the  same  as  ether  but  in  addition  injures  the  liver, 
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which  would  result  in  not  so  great  a  hyperglycemia  as  that  of  ether  and 
also  not  be  subject  to  influences  of  such  drugs  as  atropin  while  clher  is 
so  influenced. 

Stewart  and  Rogoff  (7)  have  presented  much  data  contending  that 
ether  hyperglycemia  is  not  due  to  the  Hberation  of  excess  adrenalin  into 
the  blood  stream.  They  have  cut  the  splanchnics  on  one  side  and 
removed  the  adrenal  gland  on  the  other  side.  The  cats  were  allowed 
a  number  of  days  to  recover.  Then  they  were  anesthetized  with  ether. 
A  hyperglycemia  resulted.  The  amount  of  adrenalin  in  the  blood 
before  and  after  the  anesthesia  was  far  below  normal.  During  the 
time  allowed  for  recovery  there  is  no  doubt  that  there  was  a  read- 
justment between  the  accelerator  and  inhibitor  glycolytic  mechanisms, 
as  is  commonly  seen  after  a  disturbance  of  one  of  the  mechanisms  gov- 
erning heart  rate.  So  at  the  end  of  several  days  the  inhibitor  glyco-. 
lytic  mechanism,  the  internal  secretion  of  the  pancreas,  had  fallen  to  a 
lower  level  more  nearly  equal  to  the  accelerator  glycolytic  influence  of 
adrenal  and  hepatic  nerve  ending  activity.  So  when  ether  was  given, 
according  to  our  view  the  activity  of  the  pancreas  was  reduced  and  the 
accelerator  glycolytic  mechanism  became  the  more  powerful  and 
dextrose  was  set  free  into  the  blood  stream  in  greater  abundance. 

SUMMARY    AND   CONCLUSIONS 

The  hyperglycemia  induced  by  ether  was  measured  on  two  series  of 
dogs.  One  group  had  partial  pancreatectomies  and  the  other  group 
had  complete  pancreatectomies.  The  effect  on  the  urine  dextrose  of 
ether  anesthesia  was  also  measured  in  the  case  of  the  pancreatectomized 
dogs. 

The  hyperglycemia  induced  by  ether  anesthesia  of  partially  pancrea- 
tectomized dogs  was  the  same  as  that  of  normal  dogs. 

The  hyperglycemia  induced  by  ether  anesthesia  of  completely  pan- 
createctomized dogs  was  practically  the  same  as  normal.  Comparing 
the  dextrose  output  in  the  urine  half  an  hour  before  anesthesia  and 
half  an  hour  during  anesthesia  showed  a  marked  decrease  in  the  elimi- 
nation of  dextrose.  Comparing  the  rate  mobilization  of  dextrose  with 
and  without  ether  showed  that  it  was  markedly  decreased  by  the  drug. 

The  results  lead  us  to  conclude  that  the  chief  action  of  ether  in 
causing  a  hyperglycemia  in  normal  animals  is  to  reduce  the  influence 
of  the  internal  secretion  of  the  pancreas  on  glycolysis. 
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INTRODUCTION 

In  the  first  paper  of  this  series  (1)  it  was  shown  that  in  Planaria  doro- 
tocephala  the  rate  of  oxygea  consumption  rises  during  starvation. 
This  rise  is  readily  detectable  in  less  than  three  weeks  after  the  cessar 
tion  of  feeding;  and  from  this  time  on  the  oxygen  consumption  rises 
continuously  with  an  acceleration  for  at  least  eight  weeks,  when  the 
experiments  were  concluded.  This  result  agrees  with  the  result  pre- 
viously obtained  by  the  susceptibility  method.  The  susceptibility 
method  consists  in  observing  the  time  of  death  of  organisms  in  lethal 
solutions.  It  is  believed  on  adequate  grounds,  which  need  not  be 
reiterated  here  since  they  have  been  discussed  in  numerous  papers 
from  this  laboratory,  that  such  time  of  death  is  in  a  general  way  a 
measure  or  indication  of  the  metabolic  rate  of  organisms.  By  this 
method  it  had  been  found  many  years  ago  by  Professor  Child  that 
the  susceptibility  of  planarians  is  increased  when  they  are  starved 
and  that  it  is  greater  and  their  survival  time  in  lethal  solutions  shorter 
the  longer  the  period  of  starvation  has  endured.  From  this  result 
Child  drew  the  conclusion  that  the  rate  of  metabolism  is  increased  by 
starvation.  My  results  on  the  rate  of  oxygen  consumption  confirmed 
the  conclusion  reached  by  Child  through  the  susceptibility  method  and 
further  supported  Child's  general  conceptions  concerning  the  nature  of 
senescence  and  rejuvenescence  (3). 

Meantime,  however,  Lund  and  Allen  at  the  University  of  Minnesota 
sought  to  find  evidence  [gainst  Child's  viewpoint.  Their  point  of 
attack  concerns  the  susceptibility  method  and  they  have  been  attempt- 
ing to  show  that  the  susceptibiUty  method  is  not  a  reliable  measure  of 
metabolic  rate.  Their  arguments  reveal  a  certain  amount  of  misunder- 
standing concemii^  the  application  of  the,  susceptibility  method  but 
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the  matter  is  perhaps  of  little  consequence  now,  since  the  main  cod- 
clusions  drawn  by  the  use  of  the  susceptibility  method  have  been 
verified  by  quantitative  detenni nations  of  oxygen  consumption  and 
carbon -dioxide  production. 

In  a  paper  appearing  simultaneously  with  mine  already  referred  to 
(1),  Allen  (2)  sought  to  show  that  in  Planaria  agilis  and  Planaria 
maculata  the  rate  of  oxygen  consumption  is  not  increased  during 
starvation  within  the  periods  tested  by  him  (nine  weeks).  In  this 
paper  he  also  made  an  elaborate  comparison  between  the  susceptibility 
of  planarians  in  various  physiological  conditions  and  their  rate  of 
oxygen  consumption  under  the  same  conditions  and  argued  that  since 
the  two  methods  do  not  (according  to  him)i  always  yield  the  same 
results,  the  susceptibility^elhod  is  not  a  reliable  index  of  the  rate  of 
respiratorj-  metabolism. 

This  comparison  made  by  Allen  would  probably  appear  convincing 
to  anyone  not  conversant  with  all  of  the  facta.  But  it  has  in  reabty 
no  adequate  scientific  basis  since  the  comparison  is  made  belti-een  the 
susceptibility  data  oblain-ed  by  us  on  Planaria  dorotocephala  and  the 
oxygen  consumption  data  obtained  by  him  on  Planaria  agilis  and  Planaria 
maculata}  Allen  at  the  time  of  writing  did  not  know  anything  about 
the  rate  of  oxygen  consumption  of  P.  dorotocephala  during  starvation. 
How  then  can  he  maintain  that  it  does  not  agree  with  the  findings  by 
the  susceptibility  method?  As  a  matter  of  fact  there  is  in  this  species 
as  I  have  shown  (1)  general  agreement  between  the  susceptibility 
results  and  the  rate  of  oxygen  consumption;  both  show  that  metab- 
bolism  is  markedly  increased  by  starvation.  On  the  other  hand  Allen 
did  not  know  or  attempt  to  find  out  anything  about  the  susceptibility 
of  P.  agilis  during  starvation.  How  then  can  he  maintain  that  in  this 
species  there  is  a  discrepancy  between  the  results  by  the  susceptibility 
method  and  the  oxygen  consumption  data?  My  own  findings  demon- 
strate that  no  such  discrepancy  exists.  It  is  true  that  the  rate  of 
oxygen  consumption  in  P.  agilis  increases  very  slowly  during  starva- 
tion and  the  increase  appears  only  after  four  to  six  weeks  while  in  P. 
dorotocephala  it  is  present  before  the  third  week  of  starvation;  but  it 
is  also  true  that  in  P.  agihs  the  susceptibility  to  potassium  cyanide  shows 
no  or  little  increase  during  this  period.  This  fact  completely  demolishes 
Allen's  ailment.  If  he  had  taken  the  trouble  to  investigate  the 
susceptibility  of  P.  agilis  during  starvation,  he  would  have  realized 

'  Owing  to  the  uncertainty  in  the  identification  of  the  species  Planaria  macu- 
lata, explained  later,  consideration  o(  this  species  is  left  out  of  the  discussion. 
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that  he  had  no  basis  for  his  coDtention».  As  a  matter  of  fact,  the  con- 
ditions in  P.  agitis,  far  from  disproving  the  value  of  the  susceptibility 
method,  furnish  a  remarkable  demonstration  of  its  utility;  for  the  diff- 
erences between  the  two  species  could  have  been  discovered  by  means 
of  the  susceptibility  method  alone. 

Marked  differences  exist  in  the  physiology  of  P.  dorotocephala  and 
P.  agilis;  these  differences  are  mostly  quantitative  and  not  qualita- 
tive. P.  agilis  respires  about  two-thirds  as  fast  as  P.  dorotocephala,  it 
consumes  more  food  and  has  probably  larger  food  reserves,  it  loses 
weight  more  slowly  in  starvation,  and  requires  a  much  longer  period  to 
reach  the  same  degree  of  rejuvenescence.  Such  differences  must  re- 
ceive consideration  in  experimental  work.  To  assume,  as  Allen  did, 
that  because  P.  dorotocephala  reaches  a  high  degree  of  rejuvenescence 
within  a  few  weeks,  other  species  must  also,  and  if  they  do  not  the  con- 
clusions drawn  from  P.  dorotocephala  are  erroneous,  is  an  unscientific 
proceeding.  Each  species  must  be  thoroughly  analyzed  and  studied  as 
we  have  studied  P.  dorotocephala  before  comparisons  can  be  made. 

The  question  next  arises:  is  it  true  that  in  P.  agilis  and  P.  maculata, 
as  maintained  by  Allen,  the  oxygen  consumption  does  not  increase 
within  nine  weeks  of  starvation?  I  have  repeated  Allen's  experiments 
upon  these  species  (cf.,  however,  footnote  1)  and  find  that  he  was  mis- 
taken in  his  conclusions.  A  critical  examination  of  the  data  presented 
by  him  shows  that  they  are  inadequate  and  unconvincing  and  furnish 
an  insufficient  basis  for  his  contentions,  especially  in  view  of  the  fact 
that  those  contentions  are  counter  to  a  large  body  of  e\-idence  already 
at  hand. 

Allen  has  presented  six  experiments,  three  on  P.  agilis  and  three  on 
P.  maculata.  In  but  one  of  the  six  has  the  oxygen  consumption  been 
tested  from  the  beginning  to  the  end  of  the  period  of  starvation.  This 
experiment  is  given  in  his  table  7.  At  the  end  of  this  experiment  the 
worms  were  consuming  some  40  per  cent  more  oxygen  than  during  the 
early  part  of  the  experiment.  The  result,  therefore,  in  the  one  really 
adequate  experiment  performed  by  Alien  is  exactly  the  contrary  to  his 
general  conclusion.  My  experiments  show  that  the  results  given  in 
this  table  are  essentially  correct. 

I  wish  to  consider  each  of  his  experiments  in  a  little  more  detail. 
Tables  4,  5  and  6  deal  with  P.  maculata.  In  table  4  the  experiment  is 
begun  with  worms  which  had  already  been  starving  for  "several  weeks." 
We  are  not  told  just  how  long  this  period  was  nor  do  we  know  anything 
about  the  rate  of  oxygen  consumption  during  this  part  of  the  starva- 
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tioD  period.  The  oxygen  consumption  of  these  worms  was  then  tested 
during  thirty-four  days  of  starvation,  during  which  it  is  said  by  Men 
to  be  "constant."  This  "constancy"  means  a  variation  of  from  5.8 
to  8.2  cc.  of  oxygen  per  gram  per  day.  This  variation  is  much  greater 
than  that  regarded  in  other  tables  aa  of  significance  and  clearly  indi- 
cates a  lack  of  experience  with  the  method.  Leaving  this  irregularity 
out  of  consideration,  it  may  be  said  that  the  data  in  the  table  are  of  no 
significance  since  after  "several  weeks"  of  starvation  a  high  level  of 
metabolism  has  already  been  attained  by  some  species  of  Planana  and 
this  rate  may  not  increase  further.  Unless  wc  know  the  complete 
history  of  such  worms  the  data  are  of  no  value  for  the  purpose.  The 
reader  should  note,  however,  that  according  to  table  5  the  average 
oxygen  consumption  per  gram  per  day  after  "several  weeks"  starva- 
tion is  6.9  cc.  Turning  now  to  table  5,  we  find  that  in  the  same  specicfi 
of  Planana  between  the  fifteenth  and  forty-second  days  of  starvation 
the  average  oxygen  consumption  per  gram  per  day  is  about  4-^  cc.; 
and  again  in  table  6,  between  the  fifth  and  twenty-ninth  days  of  star- 
vation it  is  5.S.  This  discrepancy  between  the  results  in  table  4  on 
the  one  hand  and  those  in  tables  5  and  6  on  the  other  was  not  men- 
tioned by  Allen;  but  it  is  perfectly  evident  that  it  can  be  explained 
only  on  the  basis  that  the  oxygen  consumption  is  decidedly  increased 
after  "several  weeks"  starvation.  We  may  therefore  state  that  Allen's 
data  on  P.  maculata  are  inadequate  because  in  no  case  was  the  oxygen 
consumption  determined  throughout  a  period  of  starvation  covering  a 
number  of  weeks;  and  that  as  far  as  they  show  anything  at  all  they 
certainly  do  not  support  Allen's  conclusion  but  lead  in  the  opposite 
direction. 

Allen's  tables  2,  3  and  7  deal  with  P.  agilis.  In  table  2  it  is  shown 
that  the  oxygen  consumption  in  this  spt-cics  is  less  after  three  weeks 
than  after  one  day  of  starvation.  This  is  also  the  case  in  all  species  of 
Planaria  which  have  been  tested.  The  greater  rate  after  one  day  of 
starvation  is  due  to  the  persistence  of  the  effect  of  feeding  on  the  diges- 
tive tract  as  explained  in  a  previous  paper  (1).  This  table  has  there- 
fore  no  direct  bearing  on  the  question  of  the  rate  of  metabolism  during 
starvation,  since  the  compiuison  must  be  made  with  worms  in  which 
the  increased  oxygen  consumption  due  to  feeding  has  been  eliminated. 
In  Allen's  table  3  data  are  given  which  show  no  difference  in  the  rate  of 
oxygen  consumption  between  worms  starved  one  week  and  worms 
starved  nine  weeks.  These  data  are  most  certainly  incorrect.  They 
are  directly  contradicted  by  the  results  in  Allen's  table  7,  in  which 
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after  nine  weeks'  starvation  an  increase  of  about  40  per  cent  in  the 
rate  of  oxygen  consumption  has  occurred.  Perusal  of  the  text  referring 
to  table  3  throws  some  light  on  the  origin  of  the  error,  since  it  is  stated 
that  the  control  worms  had  been  kept  in  the  laboratory  only  a  few 
days  preceding  the  test.  Since  the  metabolic  rate  of  worms  decreases 
when  they  are  maintained  under  laboratory  conditions  it  is  probable 
that  the  control  worms  in  this  case  had  a  higher  rate  of  oxygen  con- 
sumption than  they  would  have  had  if  kept  in  the  laboratory  the  same 
length  of  time  as  the  experimental  worms. 

As  already  noted,  the  experiment  recorded  in  table  7  is  the  only  one 
presented  by  Allen  in  which  the  metabolism  of  the  worms  was  studied 
from  the  beginning  to  the  end  of  a  starvation  period  lasting  about  ten 
weeks.  This  experiment  is  also  the  most  accurate,  as  Allen  states. 
Unfortunately  at  the  critical  point  in  the  experiment,  a  gap  of  three 
weeks  is  present.  Nevertheless  the  results  clearly  show  that  the 
oxygen  consumption  of  P.  ^ilis  is  increased  by  starvation,  a  rise  of 
about  40  per  cent  having  occurred  after  nine  weeks'  starvation.  Allen 
attempts  to  explain  away  this  result  on  trivial  grounds,  but  my  own 
experiments  on  five  different  lots  of  P.  agihs,  each  of  which  was  studied 
throughout  a  period  of  at  least  twelve  weeks'  starvation,  prove  that  it 
is  essentially  correct.  The  rate  of  oxygen  consumption  of  P.  agilis 
like  that  of  other  species  of  Planaria  is  increased  by  starvation;  but  a 
longer  period  of  time  is  required  for  the  increase  to  occur. 

It  is  evident  that  throughout  his  experiments  Allen  proceeded  on  a 
physiologicaUy  incorrect  assumption.  He  supposed  that  absolute 
length  of  time  is  the  important  factor  in  starvation;  whereas  in  fact  the 
primary  factor  is  the  rate  at  which  atarvaiion  proceeds.  This  rate  is 
determined  by  a  number  of  factors  other  than  time,  such  as:  the  tem' 
perature  during  starvation,  the  ^e  (siee)  of  the  worms  at  the  be^- 
niog  of  the  experiment,  the  metabohc  rate  of  the  species  in  question, 
the  rate  at  which  weight  is  lost,  and  the  amount  of  food  reserves-preseit 
in  the  body.  An  increase  in  metabolism  as  a  consequence  of  starva- 
tion cannot  be  expected  to  occur  until  the  animal  actually  be^ns  to 
use  its  own  tissues  for  food  and  the  time  required  for  this  is  variable 
with  different  species  and  under  the  different  circumstances  just 
eniunerated. 
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EXPERIMENTS  ON  FLANARIA  UACULATA 

/.  Source  and  care  of  material.  The  so-called  species  Planaria 
maculata  lives  in  the  Chict^o  region  in  small  still  bodies  of  water.  It 
is  found  creeping  about  on  the  submersed  vegetation.  The  stocks  of 
worms  used  in  these  experiments  were  collected  from  the  lagoon  in 
Jackson  Park  in  the  city  of  Chicago.  This  lagoon  to  the  east  of  the 
Wooded  Isle  is  tilled  with  submersed  water  weeds,  chiefly  Elodea, 
Ceratophyllum,  Myriophyllum  and  Potamogeton.  Large  quantities 
of  these  plants  were  broi^ht  in,  packed  closely  in  dish  pans,  and  enough 
water  added  to  just  cover  the  plants.  Within  two  or  three  days  the 
plants  begin  to  decay  and  as  the  planarians  cannot  endure  such  condi- 
tions they  creep  up  to  the  surface  layers  of  plants,  and  after  more  time 
has  elapsed  will  collect  at  the  margins  of  the  pans  near  the  surface. 
If  the  surface  layers  of  plants  are  removed  after  two  or  three  days, 
placed  in  pans  with  a  large  quantity  of  water,  and  violently  agitated, 
the  worms  will  fall  off  to  the  bottom  and  begin  to  crawl  up  the  sides 
of  the  pan  to  the  top.  They  can  then  be  readily  picked  off  and  placed 
in  pans  of  clear  water.  Although  the  method  is  rather  laborious  and 
time-consuming,  it  is  possible  with  a  little  patience  to  accumulate  a 
considerable  stock  of  such  worms.  They  are  most  abundant  on  the 
v^ctation  in  the  autumn. 

Stocks  80  collected  were  kept  in  large  pans  of  well  water.  If  they 
are  to  be  maintained  for  any  length  of  time,  they  must  be  fed.  I  at 
first  tried  to  feed  them  by  the  same  method  we  were  accustomed  to 
use  for  P.  dorotocephala,  namely,  by  placing  pieces  of  liver  in  the  pans. 
It  was  at  once  found  that  this  species  will  not  take  food  by  this  method. 
■It  was  then  suggested  by  Professor  Child  that  this  species  is  so  slu^sb 
and  insensitive  that  it  does  not  detect  food  except  at  very  short  dis- 
tances and  that  the  liver  should  be  ground  and  strewn  over  the  bot- 
tom of -the  pan.  This  procedure  was  tried  but  was  even  less  successful 
than  the  preceding  plan,  because  not  only  did  the  worms  refuse  to  feed 
but  many  of  them  died  as  a  consequence  of  the  presence  of  the  ground 
liver  in  the  pan.  While  giving  this  plan  a  trial,  however,  the  correct 
method  of  feeding  was  accidently  discovered.  In  an  attempt  to 
reduce  the  labor  of  removing  the  ground  liver  from  the  pans  after 
feeding  it  was  decided  to  wash  the  liver,  since  blood  and  other  materials 
diffusing  from  the  liver  render  the  water  so  opaque  that  the  worms 
can  no  longer  be  seen.  The  liver  was  then  ground  and  washed  and  it 
was  at  once  obser\-ed  that  the  worms  would  feed  voraciously  on  such 
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washed  liver.  Evidently  some  materials  in  the  liver  (bile?)  are  inju- 
rious to  this  species.  The  feeding  plan  adopted  was  then  the  follow- 
ing: the  liver  was  fi^ound  in  a  meat  grinder,  poured  into  a  strainer, 
and  a  stream  of  water  run  through  it  until  the  water  came  through 
clear.  The  washed  liver  fragments  were  then  strewn  over  the  bottom 
of  the  pan  and  the  worms  stirred  up  and  washed  down  from  their 
usual  resting  places  along  the  sides  of  the  pan.  After  three  or  four 
hours,  the  worms,  having  fed,  again  accumulate  on  the  sides  of  the 
pan,  and  the  liver  fragments  can  be  removed  with  the  aid  of  a  suction 
pipette  made  of  an  atomizer  bulb  and  a  glass  tube  of  wide  bore.  The 
worms  and  the  pan  are  then  washed  thoroughly  two  or  three  times  to 
remove  all  fragments  of  iiver.  By  this  method  the  worms  feed  readily 
and  grow  with  astonishing  rapidity. 

3.  Taxonomy  of  Planaria  maculala.  Inspection  of  a  stock  of  worms 
collected  as  described  above  at  once  shows  that  two  distinct  types  are 
present.  Neither  of  these  corresponds  to  the  description  of  the  true 
Planaria  maculata  of  the  eastern  United  States.  I  am  of  the  opinion 
that  there  are  at  least  three  distinct  species  to  which  the  name  Planaria 
maculata  has  been  applied  indiscriminately. 

One  of  the  types  occurring  in  collections  from  pond  weeds  has  the 
following  characteristics:  the  body  is  short  and  relatively  broad  and 
not  at  al!  or  but  slightly  narrowed  behind  the  auricles;  the  pigmenta- 
tion varies  from  chocolate  to  ashy  brown  and  is  decidedly  arranged  in 
spots  with  conspicuous  white  blotches  between;  there  is  never  any 
white  stripe  down  the  center  of  the  dorsal  side  but  large  specimens 
show  a  tendency  to  develop  a  dark  stripe  in  this  region.  This  type  is 
designated  in  this  paper  as  the  spotted  variety.  It  is  not  found  sexu- 
ally mature  in  nature  but  sexually  mature  individuals  have  developed 
in  our  stocks  and  are  at  the  present  writing  laying  capsules.  An  inves- 
tigation of  the  morphology  of  the  reproductive  system  in  this  fonn  will 
settle  the  question  of  its  identity  or  non-identity  with  Pianartamaculata. 

The  other  species  present  in  our  stocks  has  the  following  appearance : 
the  body  is  longer  and  more  slender  than  in  the  spotted  variety  and 
very  much  narrowed  behind  the  auricles;  the  pigmentation  is  more 
evenly  distributed  and  to  the  naked  eye  not  at  all  spotty  in  arrange- 
ment; it  is  of  a  very  dark  brown,  almost  black  color  and  the  white 
part  of  the  eyes  stands  out  very  conspicuously  tn  consequence;  there  is 
always  a  well-marked  white  stripe  down  the  center  of  the  back.  This 
form  is  designated  in  this  paper  as  the  striped  variety.  Although  spec- 
imens in  our  stocks  have  attained  a  considerable  increase  in  size,  no 
sexually  mature  individuals  have  as  yet  appeared. 
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Both  of  these  forms  are  different  from  the  true  Planaria  macuUta 
which  I  have  observed  at  Fahnouth,  Mass.  The  general  proportions 
of  the  latter  are  similar  to  those  of  the  spotted  variety  but  it  is  not 
nearly  so  spotty  in  appearance  and  generally  bears  a  white  stripe 
down  the  center  of  the  back.  Further,  it  lives  in  a  different  kind 
of  habitat,  under  stones  in  clear,  comparatively  quiet  water.  This 
species  does  not  live  in  the  Chicago  region  as  the  type  of  habitat  neces- 
sary for  it  does  not  occur  here.  Finally  its  behavior  in  regeneration 
experiments  is  quite  different  from  that  of  our  two  varieties. 

In  view  of  this  confusion  regarding  the  taxonomy  of  this  species,  it 
is  impossible  to  know  whether  investigators  working  with  what  is 
called  P.  maculata  are  really  using  the  same  Bpecies  or  not.  This 
difficulty  arises  in  connection  with  Allen's  experiments.  It  is  not 
certain  that  the  species  used  by  Allen  is  the  same  as  either  of  the  two 
varieties  used  by  me  in  the  present  experiments.  From  some  remarks 
made  by  Allen  to  Professor  Child  at  the  1019  meeting  of  the  American 
Society  of  Zo&logists,  it  seems  probable  that  he  was  working  with  the 
true  Planaria  maculata.  At  any  rate  the  results  which  I  have  obtained 
are  quite  different  from  his  and  this  difference  may  be  due  in  part  to 
the  use  of  different  species. 

S.  Method  of  procedure.  From  the  general  stocks  lots  of  worms 
were  selected,  each  consisting  of  some  two  hundred  worms  of  approxi- 
mately the  same  length.  Two  such  lots  were  selected  of  the  striped 
variety  and  three  of  the  spotted  variety.  Each  lot  was  kept  in  a 
separate  dish  and  its  rate  of  oxygen  consumption  determined  at  inter- 
vals, generally  two-week  intervals,  during  a  period  of  starvation. 
To  prevent  such  worms  from  undei^oing  fission,  it  is  only  necessary 
to  place  them  in  dishes  already  well  coated  with  slime  from  other 
worms. 

The  method  of  determining  the  oxygen  consumption  has  already 
been  described  (1).  Briefly  the  lot  of  worms  was  placed  in  a  500  cc. 
Erlenmeyer  flask,  filled  air-tight  with  water  of  known  oxygen  content; 
after  an  interval  a  sample  wa^  drawn  from  this  flask  and  its  oxygen 
content  determined.  The  difference  between  the  oxygen  content  of 
this  sample  and  the  original  oxygen  content  of  the  water  gives  the 
amount  of  oxygen  consumed  by  the  worms.  The  oxygen  cont«nt  was 
determined  by  Winkler's  method.  Two  independent  determinations 
were  made  each  time.  After  the  experiment  was  completed  the  wonns 
were  weighed.  The  temperature  was  the  same  each  time  the  oxygen 
consumption  of  the  worms  was  tested,  but  between  these  tests  the 
worms  remained  at  room  temperature,  which  is  naturally  rather  variable. 
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4.  Results.  The  results  of  these  tests  on  the  oxygen  conBumption 
of  five  separate  lots  of  P.  maculata  at  v&rious  intervals  during  a  period 
of  starvation  are  summarized  in  table  1.  The  detailed  data  will  be 
found  at  the  end  of  the  paper. 

5.  General  conclusions  regarding  Plarutria  maculata.  As  shown  in 
table  1,  the  oxygen  consumption  falls  after  feeding  and  reaches  its 
lowest  level  within  throe  or  four  days.  It  then  remains  at  this  level 
uolil  after  the  second  week  of  starvation.     From  this  time  on  it  rises 


Oxygtn  contumplion  of  Ike  spotted  and  the  striped  varieties  of  Planaria  iiia/:ula 
during  starvation,  thounng  increase  in  all  caeea.    All  temperaturee  K^  O.S*C. 
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0  16 
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0.28 

0  21 

I  week 

0  16 

0  21 

ZweekB 

0  15 

0.22 

0.22 

0.28 

0.21 

4  weeks 

0  17 

0.26 

0.24 

0.29 

028 

6  weeks 

022 

036 

0.29 

0-36 

030 

8  weeks 

0.21 

029 

OSfl* 

042 

10  weeks 

0  23* 

0  52* 

0  61* 

Per  cent  increase 

53 

59 

147 

no 

190 

*  Means  that  the  worms  were  decapitated  o 
that  movemeDt  was  eliminated. 


the  day  preceding  the  test  so 


continuously.  A  marked  difference  was  found  between  the  two  varie- 
ties usejl.  In  the  striped  variety  the  oxygen  consumption  reached  a 
maximum  by  the  end  of  the  sixth  week  of  starvation  and  exhibited  no 
further  rise  within  the  limits  of  the  experiments.  It  is  therefore  not 
safe  to  begin  these  tests  on  worms  which  have  already  starved  several 
weeks,  as  done  by  Allen  in  his  experiment  4.  In  the  spotted  variety, 
on  the  other  hand,  the  oxygen  consumption  continued  to  increase  with 
an  acceleration  throughout  the  experiments.  The  experiment  was 
discontinued  in  each  case  when  the  size  of  the  worms  was  so  reduced  as 
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to  render  further  determinations  impracticable.  In  most  cases  the 
heads  of  the  worms  were  removed  preceding  the  last  test  so  that  move- 
ment is  eliminated  as  a  factor  in  the  result.  In  the  early  stages  of  the 
experiments,  some  of  the  stocks  were  not  tested  as  this  was  considered 
unnecessary  in  view  of  the  fact  that  the  fall  in  oxygen  consumption 
during  this  period  is  so  well  established  that  it  may  be  assumed  to 
have  occurred.  No  tests  are  omitted  from  the  table;  all  that  were 
made  are  given. 

EXPBRIUSKTS   ON   PLANARIA   AGILIS 

1 .  Source  and  care  of  material.  This  species  is  not  indigenous  to  the 
Chicago  region.  About  three  hundred  individuals  were  purchased 
from  the  firm  of  Powers  Powers,  Lincoln,  Nebraska.  Since  Allen's 
stock  was  also  obtained  from  this  firm,  we  are  dealing  here  with  the 
same  species.  This  species  is  stated  by  Mr.  Powers  to  live  in  springs, 
a  habitat  similar  to  that  frequented  by  P.  dorotocephala.  The  two 
species  resemble  each  other'very  much  in  appearance,  although  agiUs 
is  more  restless  and  attains  a  larger  size. 

The  original  individuals  were  cut  into  pieces  in  order  to  obtain  a 
sufiicient  niunbcr  of  individuals  for  the  experiments.  The  experi- 
ments were  not  begun  until  three  or  four  months  after  this  had  been 
done  so  that  it  is  impossible  that  this  procedure  could  have  affected 
the  results.  The  worms  were  fed  by  the  same  method  as  used  for  P. 
maculata  and  ate  voraciously-  and  grew  with  remarkable  rapidity. 

S.  Digestive  tract  of  Planaria  agilis.  In  order  to  make  a  comparison 
between  Planaria  agilis  and  Planaria  dorotocephala  it  is  not  sufficient, 
as  Allen  has  done,  to  perform  a  few  isolated  tests.  The  physiology  of 
the  species  must  be  studied  before  such  comparisons  are  valid.  One  of 
the  striking  differences  between  these  two  species  concerns  the  capacity 
of  the  digestive  tract .  Planaria  agilis  ia  an  extremely  voracious  feeder, 
and  appears  to  be  very  hungrj-  after  only  three  or  four  days'  starvation. 
It  will  attack  injured  worms  much  more  fiercely  than  will  the  other 
species  we  have  observed.  After  it  has  fed,  the  body  ia  noticeably 
distended  so  that  it  is  quite  easy  to  distinguish  the  individuals  that 
have  fed  from  those  that  have  not.  This  observation  suggested  that 
the  digestive  tract  has  a  larger  capacity  in  P.  agilis  than  in  P.  dorotCH 
cephala.  Sections  show  that  such  is  the  case.  F^re  1  gives  camera 
lucida  outlines  of  the  body  wall  and  digestive  tract  at  various  levels 
of  section  in  individuals  of  P.  agilis  and  P.  dorotocephala  of  the  same 
length.    It  is  readily  seen  that  the  digestive  tract  of  P.  agilis,  partic- 
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ularly  io  regions  through  and  in  front  of  the  pharynx,  is  more  capacious 
than  that  of  P.  dorotocephala.  In  the  latter  species,  the  anterior 
part  of  the  digestive  tract  has  the  form  of  a  median  trunk  with  lateral 
branches,  while  in  the  former  species  there  is  a  large  irregular  cavity 
extending  nearly  the  width  of  the  body.  By  simply  distending  the 
whole  body,  the  capacity  of  this  digestive  tract  would  become  verj' 
great  and  as  already  noted  such  distension  occurs  when  P.  agilis  feeds. 


Fig.  1.  A,  six  sections  through  Planaria  agilis,  drawn  with  the  camera  lucida, 
showing  outlines  of  the  cavity  of  the  digestive  tract;  most  anterior  section  at 
the  top  and  others  in  order.  B,  sections  through  similar  levels  of  Planaria 
dorotocephala,  showing  outlinesof  the  cavity  of  the  digestive  tract.    Both  worms 

Further  the  body  is  broader  and  thicker  in  P.  agilis  in  proportion  to 
length  than  in  P.  dorotocephala.  These  facts  indicate  that  P.  agilis 
can  consume  more  food  at  each  feeding  and  accumulates  more  food 
reserves  than  P.  dorotocephala;  and  therefore  it  must  be  starved  for  a 
longer  period  before  it  will  reach  the  same  metabolic  condition  that  the 
other  species  reaches  in  a  short  time. 
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S.  Loss  of  weight  of  Planaria  agilis  aa  compared  with  P.  dorotocvphala. 
It  was  noticed  that  during  starvation  the  reduction  in  size  is  much 
slower  in  P.  agilis  than  in  P.  dorotocephala.  To  obtain  a  more  accu- 
rate measure  of  this  difference  fifty  worms  of  the  same  length  of  each 

TABLE! 

Comparium  of  logs  of  vietght  of  Planaria  dorotoctphala  and  Plajutrta  agilit  during 
Figures  are  teeightt  of  fifty  worm*,  approximaUly  IB  mm. 
Ionj7  al  the  beginning  of  the  etarvation  period 
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I  day 
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1  week 
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2  weeks 

0.284 
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0.472 

13 

4  weeks 

0.214 
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0.169 
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0.289 

47 

8  weeks 

0.107 

74 

0.227 

58 

10  weeks 

0.073 

82 

0.169 

69 

Fig.  2.  Graph  showing  loss  of  weight  of  Planaria  agilis  and  Planaria  doroto- 
cepbala  in  starvation.  Abscissa,  time  in  weeks;  ordinate,  weight  in  tenths  of  a 
gram.    Upper  line,  P.  agilis;lower  line,  P.  dorotocephala;  weights  for  fifty  worms. 

species  were  weighed  at  intervals  during  starvation.  Both  lots  of 
worms  were  kept  under  the  same  conditions  throughout.  The  data  on 
the  loss  of  we^t  are  given  in  table  2  and  a  graph  constructed  from 
the  same  data  presented  in  figure  2.    It  is  evident  that  P.  doroto- 
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cephala  loses  weight  in  starvation  more  rapidly  than  P.  agilis  and 
that  the  difference  is  greatest  in  the  early  part  of  the  starvation  period. 
The  loBB  of  weight  of  P.  agilis  is  practically  directly  proportional  to 
time  BO  that  the  resulting  graph  is  a  straight  line,  as  Allen  has  also 
shown.  In  P.  dorotocephala  on  the  other  hand  the  loss  of  weight  is 
more  rapid  at  first  and  proceeds  at  a  uniform  rate  only  later  in  the 
starvation  period.  The  slower  loss  of  weight  in  P.  agilis  is  evidently 
correlated  with  its  greater  breadth  and  thickness  and  greater  supply  of 
food  reserves.  Since  P.  agilis  loses  weight  more  slowly  than  P.  doro- 
tocephala, a  longer  time  will  be  required  for  it  to  starve  to  the  same 
degree  and  reach  the  same  metabolic  condition  as  the  latter  species. 
This  was  found  to  be  the  case. 

4-  Oxygen  consumption  of  P.  agilia  during  atarvation.  The  methods 
employed  were  the  same  as  those  described  under  P.  maculata.  Five 
lots  of  worms,  the  members  of  each  lot  of  approximately  the  same  size, 
were  isolated  from  the  general  stock  and  their  oxygen  consumption 
determined  at  various  intervals  after  the  cessation  of  feeding.  Fission 
can  readily  be  prevented  in  such  lots  by  keeping  them  in  dishes  or  pans 
coated  with  slime.  A  few  fissions  will  occur  and  such  divided  worms 
were  removed.  The  results  of  these  five  experiments  are  tabulated  in 
table  3.    The  detailed  data  are  given  at  the  end  of  the  paper. 

The  results  tabulated  in  table  3  prove  that  in  Planaria  agilis  as  in 
other  species  of  Planaria  the  rate  of  oxygen  consumption  increases 
during  starvation.  A  longer  period  of  starvation  must  elapse,  however, 
in  this  species  before  the  rise  occurs.  This  length  of  time  required 
depends,  among  other  factors,  on  the  original  size  (age)  of  the  worms. 
Thus  in  lot  6,  where  the  worms  were  10  to  12  mm.  long  at  the  begin-  , 
ning  of  the  experiment,  the  rise  is  present  after  four  weeks  of  starva- 
tion; in  lot  7,  with  worms  12  to  15  mm.  long,  the  rise  begins  by  the  sixth 
week  and  in  the  other  lots,  with  worms  15  mm.  long  or  longer,  the  rise 
begins  by  the  eighth  week  of  starvation.  In  all  cases  the  rise  is  plainly 
present  by  the  beginning  of  the  eighth  week  of  starvation.  This 
result  is  therefore  coptradictoiy  to  the  contentions  of  Allen,  who  insists 
that  within  the  length  of  time  tested  by  him,  namely,  nine  weeks,  no 
such  rise  is  present.  I  have  already  pointed  out  that  his  contention 
is  directly  contradicted  by  his  own  data  given  in  his  table  7,  and  that 
the  results  in  this  table  are  correct. 

After  the  eighth  week  the  rise  is  at  first  rather  slow  or  even  absent 
as  in  experiments  6  and  5  but  later  the  increase  is  very  rapid,  and  the 
oxygen  consumption  finally  attained  may  be  more  than  100  per  cent 
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greater  than  the  oxygen  conaumption  after  a  starvation  period  of  one 
week.  After  twelve  or  more  weeks  of  starvation  worms  of  this  species 
are  no  further  reduced  in  size  than  are  individuals  of  Planaria  doro- 
tocepbala  of  the  same  original  length  after  six  or  seven  weeks  of  star- 
vation. The  slower  rate  of  reduction  of  P.  agilis  explains  why  the 
metabolic  rate  increases  more  slowly, 

TABLES 

Oxygen  contumption  of  Planaria  ai/ilit  during  tlarvation,  ihaicing 
rates  by  the  eighth  toeek 
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0.14 

0.17 

0.16 

6  weeks 

0.15 

0.19 

0.12 

0.16 

0.16 

8  weeks 

0.17 

0.21 

0.15 

0.18 

0.18 

10  weeks 

0.17 

0.23 

0-17 

0.20 

0.19 

12  weeks 

0,17 

0.32 

0.17 

0.33 

0.27 

16  weeks 

0.31' 

0.25* 

Per  cent  increase 

158 

77 

109 

106 

65 

*  Means  that  heads  were  removed  the  day  preceding  the  t«st. 

5.  Susceptibility  o/  P.  agilis  during  starvation.  This  matter  has 
already  been  considered  in  the  introduction.  If  the  susceptibility 
method  is  reUable  as  a  means  of  determining  general  metabolic  rat«, 
the  susceptibihty  of  P.  agilis  should  increase  more  slowly  during  staiv 
vation  than  is  the  case  with  Planaria  dorotocephala.  I  have  made 
some  tests  of  the  susceptibility  to  cyanide  of  P.  agilis  during  starva- 
tion. These  tests  were  not  as  complete  as  is  desirable  but  they  indi- 
cated clearly  enough  the  general  situation  in  this  species.  All  starving 
worms  are  more  susceptible  to  cyanide  than  recently  fed  ones.  Worms 
starved  two  weeks  to  five  weeks  are  slightly  more  susceptible  than 
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those  starved  one  week.  There  is,  however,  no  difference  or  very  lit&e 
difference  in  the  susceptibility  of  worme  starved  two,  three,  four  and  fite 
weeks.  Thus  between  the  second  and  sixth  weeks  of  starvation  there 
is  very  little  increase  in  susceptibility  while  during  this  period  in  P. 
dorotocephala  a  marked  increase  is  demonstrable.  Reference  to  table 
3  shows  that  during  this  period  also  the  oxygen  consumption  of  P. 
agilis  remains  practically  stationary.  In  later  periods  of  starvation 
the  susceptibility  of  P.  lyplis  increases. 

There  is  thus  in  this  species  a  general  agreement  between  the  results 
by  the  susceptibility  method  and  the  results  from  direct  measurement 
of  the  rate  of  oxygen  consumption. 

e.  Comparison,  of  starved  and  young  {smaU))  individtuds  of  P.  agHis. 
It  is  insisted  by  Allen  in  his  paper  that  whereas  small  worms  consimie 

TABLE  4 

Compariaon  of  the  rateg  of  o:rygen  consumption  of  smalt  (young)  recently  Jed  worms, 

large  (old)  recerUly  fed  worms,  and  worms  reduced  by  starvaHon  to  a  site 

similar  to  that  of  the  young  wormi.    Temperature  tfC. 
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Young 1 

Old ■ 1 

Starved 1 

fr-IO 

15-18 
18-20 

6 
6     . 

Sdays 
Sdays 

2  weeks 
2  weeks 

12  weeks 
12  weeks 

0.22 
0.21 

0.17 
0.17 

0.33 
0.27 

more  oxygen  per  unit  weight  than  large  ones,  worms  reduced  by  star- 
vation consume  the  same  amount  of  oxygen  as  before  such  reductiota. 
This  statement  appears  improbable  on  the  face  of  it  and  my  expieri- 
ments  show  it  to  be  erroneous.  Small  worms  whether  their  size  is  due 
to  youth  or  starvation  consume  more  oxygen  per  unit  weight  per  unit 
time  than  large  worms  in  an  adequate  state  of  nutrition.  It  requires 
some  twelve  weeks  of  starvation  to  reduce  P.  agilis  from  a  length  of 
18  to  20  mm.  to  a  length  of  6  mm.  Such  a  reduction  involves  an 
increase  of  at  least  60  per  cent  in  the  rate  of  oxygen  c<biBumption. 
According  to  Allen  the  difference  in  oxygen  consumption  between  6 
mm.  and  18  mm.  worms  is  about  60  per  cent  (his  table  10)  when 
movement  is  not  eliminated  and  about  40  per  cent  (his  table  11)  when 
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movement  ia  eliminated.  As  young  fed  worms  move  about  much 
more  than  greatly  starved  worms,  the  latter  figures  are  more  correct. 
In  table  4  are  given  some  data  on  the  oxygen  consumption  of  two 
lots  of  young  worms  6  to  10  nmi.  long,  starved  five  days;  the  oxygen 
consumption  of  worms  15  to  20  nmi.  long,  from  the  same  stock,  starved 
two  weeks;  and  the  oxygen  consumption  of  the  same  worms  after 
reduction  to  a  size  similar  to  that  of  the  young  worms.  After  such 
reduction  the  worms  have  a  higher  rate  of  oxygen  consumption  than 
the  young  worms  of  similar  size. 

DISCUSSION 

It'is  shown  in  this  paper  that  in  two  varieties  of  Planaria  maculsta 
(which  are  probably  separate  species)  and  in  Pl&naria  agilis  the  rate  of 
oxygen  consumption  per  unit  weight  is  increased  by  starvation.  This 
increase  begins  in  the  first  named  fonns  within  four  weeks  from  the 
cessation  of  feeding  but  in  Planaria  agilis  not  until  the  eighth  week  if 
the  original  length  exceeded  15  mm.  This  result  agrees  with  results 
previously  presented  on  other  species  (1)  and  disagrees  with  the  con- 
tentions of  Allen  (2).  Planaria  agilis  differs  from  all  other  speoies 
which  have  been  adequately  tested  in  that  the  oxygen  consumption 
remains  at  nearly  the  same  level  between  the  second  and  sixth  weeks 
of  starvation,  and  rises  only  subsequently  to  this  period.  This  cir- 
cumstance  is  due  to  the  fact  that  Planaria  agilis  starves  more  slowly 
than  other  species;  it  has  a  lower  metabolic  rate,  greater  food  reserves, 
and  a  more  capacious  digestive  tract,  and  consequently  reduces  more 
slowly  in  starvation  than  other  species  of  Planaria.  The  remark 
of  Allen  that  "the  fact  that  the  rate  of  oxidations  is  uniform  during  a 
long  period  of  starvation  will  serve  as  an  important  basis  for  the  study 
of  respiratory  metabolism  in  these  forms"  applies  to  Planaria  agilis 
only.  There  ia  no  level  of  "basal"  or  "standard"  metabolism  in  other 
species,  but  their  metabolism  is  continuously  changing  during  starva- 
tion. Even  in  Planaria  agilis  the  rate  of  oxygen  consumption  is  prob- 
ably not  stationary  but  is  falling  very  slowly  during  the  first  half  of 
this  period  of  apparent  constancy  and  rising  very  slowly  during  the 
latter  half  of  it. 

Since  Allen's  paper  is  directed  mainly  s^nst  the  reliabiUty  of  the 
susceptibility  method,  it  remains  to  make  some  statements  reg&rdii^ 
this  method.  In  the  first  place,  the  susceptibility  method  measures 
the  time  of  death.    The  time  of  death  can  naturally  be  determined 
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only  for  those  parts  of  the  oi^anisin  visible  to  the  observer,  namely, 
the  superficial  parts.  Strictly  speaking,  therefore,  survival  time  is  a 
measure  of  the  metabolic  rate  of  the  body  surface  only.  That  we  have  not 
in  earlier  pubhcations  emphasized  this  is  due  simply  to  the  circum- 
stance that  the  occasion  for  emphasizing  it  bad  not  arisen.  It  had 
Always  been  recognized  by. us  that  the  susceptibility  method  concerns 
chiefly  superficial  structures  and  statements  were  made  in  various 
publications  that  internal  systems  and  organs  may  show  different 
susceptibility  relations  from  the  body  surface. 

It  is,  however,  evident  that  when  special  internal  conditions  are  elim- 
inated survival  time  is  a  measure  of  general  physiological  and  metabolic 
conditions  in  the  whole  organism.  In  the  lower  organisms  there  is 
only  one  such  special  internal  condition  which  it  has  thus  far  been 
necessary  to  consider — that  is  the  physiological  condition  of  the  diges- 
tive tract.  When  this  factor  is  eliminated  by  keeping  it  in  the  same 
functional  state  in  organisms  which  are  to  be  compared  then,  as  far  as 
our  data  at  present  go,  there  is  never  any  discrepancy  between  the 
results  by  the  susceptibility  method  and  the  determinations  of  total 
oxygen  consumption  and  carbon-dioxide  production.  A  summary  of 
some  physiolc^cal  conditions  in  which  both  susceptibility  and  respira- 
tory rate  have  been  determined  is  given  in  table  5. 

From  table  5  it  will  be  seen  that  in  nearly  all  cases  where  the  sur- 
vival time  is  shorter,  the  rate  of  respiratory  exchange  is  greater,  and 
where  the  survival  time  is  lengthened,  the  rate  of  respiratory  ex- 
change is  decreased,  the  sole  exceptions  being  those  concerned  with  feed- 
ing. That  this  apparent  discrepancy  exists  was  known  to  us  for  a  con- 
siderable time  before  Lund  and  Allen  published  their  work.  Their 
viewpoint,  that  because  this  discrepancy  exists  the  whole  conception  is 
erroneous,  is  certainly  imscientific,  to  say  the  least.  The  correct  pro- 
cedure is  to  attempt  to  discover  the  cause  of  the  discrepancy.  This 
has  been  done  and  it  has  been  found  that  the  discrepancy  is  due  to  the 
behavior  of  the  digestive  tract.  The  respiratory  rate  of  the  digestive 
tract  is  increased  by  feeding  but  as  the  surface  of  the  body  is  not  affected 
by  the  feeding  process,  the  susceptibility  of  the  surface  does  not  change. 
On  the  other  hand  the  susceptibility  of  the  intestine  is  increased  by 
feeding,  although  it  is  somewhat  difficult  to  observe  the  digestive  tract 
by  the  susceptibility  method  in  Flanaria.  In  more  transparent  forms, 
like  Hydra,  the  region  of  the  body  where  food  is  being  digested  exhibits 
a  very  striking  increase  in  susceptibility.  After  feeding,  the  respira- 
tory rate  of  the  digestive  tract  falls  and  as  the  body  surface  is  fyjain 
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not  involved  in  this  procees,  the  susceptibility  of  the  surface  is  not 
altered.  It  ia  therefore  necessary  under  circumstances  involving  the 
digestive  tract  to  consider  the  body  wall  and  digestive  tract  separately. 
As  this  is  continuously  done  in  physiological  experiments  on  higher 
animals,  where  in  order  to  study  one  physiological  process  it  is  neces- 
sary to  have  the  others  constant,  we  fail  to  see  that  such  a  procedure  is 
"damaging  to  the  theory  that  susceptibility  is  a  measure  of  rate  of 

TABLES 

Summofy  of  the  resultt  from  measvrementi  of  the  rumVoI  limt  t'n  toxic  aolud'ont 
and  direct  mtasuremente  of  reepirtUory  rate  under  different  phytioloffieal 

eondition*  in  Planaria 
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.„..KC.„.„,0. 

Age  (siie) 

Shorter  the  smaller 

Greater  the  smaller 

Same  as  for  oxy- 

(younger)        the 

the  worm 

tion 

Injury 

Shorter  in  injury 

Greater  in  injury 

Same 

Shorter  in  regener- 

Greater in  regener- 

Same 

ation 

ation 

High  temperature 

Shorter 

Greater 

Same 

Low  temperature 

Longer 

Less 

Same 

Movement 

Shorter  than  in  rest 

Greater  than  in  rest 

Same 

In  acid  solution 

Longer 

Less 

Different  levels 

Shorter  in  anterior 

Greater  in  anterior 

Same 

levels 

levels 

Late  starvation 

Shorter 

Greater 

Same 

Feeding 

No  change  in  body 
surface 

Greater 

Same 

Early  starvation 

No       change       or 
shorter  in  body 
surface 

Less 

Same 

oxidations,"  as  Allen  states.  The  method  of  determination  of  total 
metabolism  in  which  Allen  places  such  faith  also  faUa  to  give  any  infor- 
mation about  specific  processes  in  the  body  unless  other  factors  are  con- 
trolled and  eliminated.  If  one  wants  to  measure  the  respiration  in 
muscular  work  one  cannot  at  the  same  time  give  the  experimental 
animal  a  meal. 

It  may  then  be  reiterated  that  as  far  as  our  experiments  go,  the 
survival '  time  in  toxic  solutions  is  in  simple  animals  a  measure  in 
general  of  the  metabolic  rate,  as  long  as  internal  conditions  remain  con- 
stant.   Survival  time  may  not  be  an  accurate  measure  of  total  respir- 
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atoiy  rate  because  other  factors  than  respiratory  rate  may  be 
concerned  in  survival  time.  Argument  over  the  reliability  of  the 
susceptibility  method  has  now  been  rendered  unnecessary  because  all  of 
the  main  conclusions  drawn  by  the  xise  of  this  method  have  been  veri- 
fied by  direct  determinations  of  oxygen  consumption  and  carbon-dioxide 
production. 

SUMMARY 

1.  This  paper  is  concerned  with  the  rate  of  oxygen  consumption 
during  starvation  of  Planaria  maculata  and  Pknaria  agilis  and  was 
undertaken  in  reply  to  a  paper  by  Allen  (1). 

2.  Contrary  to  the  results  of  Allen  it  was  found  that  in  both  of  these 
species  within  the  time  limits  specified  in  his  paper,  the  rate  of  oxygen 
consumption  is  increased  in  the  later  periods  of  starvation.  His  data 
are  criticised  and  it  is  pointed  out  that  they  are  with  one  exception 
inadequate  and  unsatisfactory;  the  one  exception  contradicts  his  own 
conclusion. 

3.  Planaria  ^hs  has  a  lower  metabohc  rate,  greater  food  reserves, 
and  loses  weight  more  slowly  in  starvation  than  other  species.  For  this 
reason  it  must  be  starved  for  a  longer  period  before  its  rate  of  oxygen 
consumption  increases. 

4.  Owing  to  the  slow  rate  of  starvation  of  Planaria  agilis,  there  is  a 
period  from  the  second  to  the  sixth  week  of  starvation  when  the  oxygen 
consumption  is  nearly  constant.    This  is  not  the  case  in  other  species. 

5.  The  susceptibility  of  Planaria  agilis  to  potassium  cyanide  also 
fails  to  increase  during  starvation  as  rapidly  as  in  '  other  species. 
Contrary  to  the  contentions  of  Allen,  the  susceptibility  results  in  this 
species  are  then  in  general  agreement  with  the  results  from  direct  meas- 
urement of  the  oxygen  consumption. 

6.  Contrary  to  the  statements  of  Allen,  it  was  found  that  in  Planaria 
agilis  worms  reduced  to  a  small  size  by  starvation  have  as  high  a  rate  as 
or  a  higher  rate  of  oxygen  consumption  than  small  recently  fed  worms 
of  the  same  size. 

7.  A  general  discussion  of  the  utility  of  the  susceptibility  method 
as  a  measure  of  metabolic  rate  is  given  and  it  is  pointed  out  that  no 
discrepancies  are  at  present  known  to  us  between  the  results  by  the 
susceptibility  method  and  the  results  by  direct  determination  of  respira- 
tory rate,  except  those  concerned  with  feeding.  In  the  case  of  feeding, 
it  is  necessary  to  draw  a  distinction  between  the  metabolism  and  sus- 
ceptibility of  the  digestive  tract  and  those  of  the  body  wall. 
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8,  The  results  in  this  paper  further  support  the  general  conceptiou 
maintained  by  Child  for  years  that  the  metabolism  of  oi^aniama  is 
increased  in  starvation  and  that  starvation  is  therefore  a  means  of 
bringing  about  rejuvenescence. 

BIBLIOGRAPHY 

(1)  Btuak:  This  Journal,  lftl9,  xlix,  377. 
<2)  Allen:  This  Journal,  1910,  xlix,  420. 
(3)  Child:  Senescence  and  rejuveDesceoce,  Chicago,  1915. 


,v  Google 


VASOMOTOR  REFLEXES  FROM  RECEPTOR  STIMULATION 
IN  INTACT  ANIMALS 

E.  G.  MARTIN,  A.  C.  FRANKLIN  and  CLARENCE  HIELD 

From  the  Laboratory  of  Phj/eiology,  Stanford  Univereily 

Received  for  publicatioa  June  28,  1920 

Of  recent  yeare  the  investigation  of  vasomotor  reflexes  in  mammals 
other  than  man  has  been  carried  on  chiefly  on  the  basis  of  artificial 
stimulation  of  nerve  trunks,  rather  than  by  means  of  receptor  stimula- 
tion; the  older  physiologists,  on  the  other  hand,  gave  much  attention 
to  the  effects  on  blood  pressure  of  excitations  applied  to  the  receptors 
themselves.  The  latter  method  would  appear  to  be  the  more  logical  if 
the  object  sought  is  to  determine  the  normal  mode  of  functioning  of 
the  vasomotor  apparatus,  although  where  the  underlying  purpose  is 
the  study  of  reflex  action,  with  the  vasomotor  reflexes  selected  as 
examples  of  such  action,  direct  stimulation  of  sensory  nerve  trunks 
is  not  only  valid,  but  has  much  to  recommend  it,  both  in  theory  and 
practice. 

One  of  us  (M.)  has  been  for  some  yeans  interested  in  vasomotor 
reflexes,  not  so  much  from  the  standpoint  of  their  significance  as  regu- 
lating factors  of  the  circulation  as  for  the  light  they  may  throw  on 
the  reflex  functioning  of  the  nervous  system  itself  ( (1)  to  (6) ).  In 
all  the  experiments  described  in  the  above  series  of  references  the  ehci- 
tation  of  reflex  responses  was  by  means  of  stimulation  of  nerve  trunks. 
Certain  of  the  findings  therein  have  suggested  the  desirabihty  of  re- 
peating some  of  the  experiments  of  the  older  investigators  on  the  reflex 
vasomotor  effects  of  receptor  stimulation,  with  the  attention  specially 
directed  to  the  bearing  of  such  experiments  on  theories  of  nervous 
action. 

PEOCEDDBB 

Our  plan  of  study  called  for  the  elicitation  of  vasomotor  reflexes  in 
conscious  and  in  very  lightly  narcotized  animals,  as  well  as  in  decere- 
brate and  in  deeply  anesthetized  individuala.     It  followed  that  the 
method  of  recording  the  responses  must  be  applicable  to  conscious 
421 
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aDimals.  Blood  pressure  determinations  were  ruled  out  because  of 
the  operative  procedures  involved;  the  choice  was  thus  restricted  to 
plethysmographic  methods,  or  to  such  as  use  temperature  variations 
as  indices  of  vasomotor  changes.  Either  of  these  latter  have  the  dis- 
advant^e  of  showing  only  local  effects,  as  contrasted  with  the  general 
influences  revealed  by  blood  pressure  determinations.  A  vasomotor 
response  that  is  restricted  to  the  splanchnic  region  might  escape  detec- 
tion completely  under  such  circumstances.  This  is  a  limitation  that  ■■ 
unavoidable,  however,  in  experimentation  on  conscious  animals.  If 
the  site  of  application  of  the  recording  device  is  fortmiately  chosen  it 
should  reveal  any  vasomotor  change  that  affects  cutaneous  areas.  One 
important  desideratimn  is  that  the  region  selected .  shall  be  known  to 
have  both  constrictor  and  dilator  innervation,  since  interpretation  of 
the  interaction  of  dilator  and  constrictor  responses  is  a  significant 
feature  of  the  general  problem  (5). 

Following  the  example  of  GrUtzner  and  Heidenhain  (7),  our  experi- 
ments were  made  on  rabbits.  The  varieties  were  those  widely  raised 
in  California  for  market  purposes,  including  some  common  domestic 
rabbits  and  some  Belgian  hares.  On  the  whole  we  found  the  latter 
less  satisfactory  than  the  smaller  and  hardier  rabbits.  We  experi- 
mented at  some  length  with  the  nasal  cavity  as  a  plethysmogrsph, 
using  the  method  of  Tschalussow  (8)  as  modified  by  Mendenhall  (9) 
but  found  it  unsuited  for  work  with  rabbits.  We  then  turned  to  the 
car  as  a  field  of  study.  Since  in  rabbits  the  ears  play  an  undoubted, 
and  probably  considerable,  part  in  temperature  regulation  (10),  they 
might  be  expected  to  be  as  sensitive  to  vasomotor  influences  as  any 
of  the  cutaneous  areas.  That  they  have  dilator  as  well  as  constrictor 
innervation  appears  from  the  work  ofWinkler  (11),  cited  by  Bayliss  (10). 

To  record  vasomotor  changesintheear  weused  an  ordinary  air  plethys- 
mograph,  communicating  with  a  sensitive  tambour,  whose  lever  wrote 
on  a  slow  drum.  The  air  plethysmograph  offers  a  double  advantage 
for  work  of  this  kind ;  in  addition  to  being  itself  a  sensitive  recorder  of 
volume  changes  in  the  car,  it  responds  also  to  changes  of  temperature; 
vasodilatation  would  bring  about  both  an  increased  ear  volume  and  a 
higher  ear  temperature ;  the  latter  by  causing  expansion  of  the  air  in  the 
plethysmograph  would  add  its  effect  to  the  increase  of  ear  volume, 
enlarging  the  tracing  on  the  drum.  Obviously  sudden  changes  in  tem- 
perature due  to  external  infiuences  had  to  be  guarded  against,  but 
this  was  a  simple  matter. 
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For  keeping  imanesthetized  ralibits  in  position  we  UBed  a  board  6 
inches  wide,  mounted  on  a  pedestal  about  a  foot  high.  This  board  was 
cut  away  at  front  and  rear,  so  that  when  a  rabbit  was  laid  on  it  his 
1^8  would  hang  down  comfortably.  A  couple  of  short  straps  were 
buckled  around  the  board  and  over  the  back  of  the  animal,  and  a 
rest  provided  for  his  chin.  With  this  arrangement  a  rabbit  would 
remain  quiet  for  two  or  three  hours,  making  few  movements,  except 
when  stimulated  thereto  in  oonnection  with  our  experimentation.  At 
first  we  tied  the  head  firmly,  but  this  proved  unnecessary  and  since  it 
often  seemed  to  impede  the  blood  flow  through  the  ears  was  abandoned. 
A  precisely  similar  arrangement  was  employed  with  anesthetized  or 
decerebrate  animals,  except  that  with  most  of  these  we  added  a  head- 
clamp.  The  hair  was  regularly  clipped  from  all  four  legs,  and  from  a 
considerable  area  of  the  back. 

Stimulations.  Tactile,  thermal  and  auditory  stimuli  were  iised  with 
success;  visual  stimuli,  in  the  form  of  light  flashed  on  and  off  before  the 
eyes,  gav«  negative  results  so  far  as  vasomotor  manifestations  are 
concerned. 

For  tactile  stimuli  we  followed  the  practice  of  GrQtzner  and  Heiden- 
hain  (loc.  cit.)  and  used  blowing  upon  the  skin,  rubbing  the  mouth, 
inside,  and  upon  the  lips,  with  a  hard  instrument,  and  pulling  at  indi- 
vidual hairs  with  forceps,  all  gentle  stimuli  and,  according  to  the  experi- 
ence of  those  investigators,  highly  effective  in  evoking  vasomotor  reac- 
tions. We  found  the  free  ear  the  most  favorable  spot  on  which  to 
blow. 

Several  sorts  of  thermal  stimuli  were  used.  Dipping  a  leg  into  water  of 
selected  temperature  for  a  measured  time,  thirty  seconds  to  two  min- 
utes, proved  moderately  satisfactory.  The  leg,  as  stated  above,  was 
clipped  of  hair,  and  was  thoroughly  greased  with  vaseline  before  dipiung 
into  water.  We  used  a  container  holding  a  liter;  the  temperature  of  the 
relatively  large  volume  would  remain  fairly  steady  during  the  period  of 
immersion.  The  position  of  the  animal  on  the  holder  permitted  the 
bringing  of  the  vessel  of  water  up  around  the  leg  without  disturbing 
the  experiment.  The  range  of  temperatures  employed  will  be  given 
further  along,  in  connection  with  the  detailed  account  of  the  results  of 
the  experiments.  A  second  method  of  thermal  stimulation,  of  which 
we  made  much  use,  consisted  of  placing  an  electric  light,  backed  by  a 
conical  reflector  of  ordinary  type,  a  short  distance  above  the  back, 
from  which,  as  noted  above,  the  hair  had  been  clipped.  To  insure 
that  the  rays  from  the  light  should  not  strike  upon  the  plethysmograpk 
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directly,  and  so  warm  the  air  within  it,  we  interposed  a  double  screen; 
this  consisted,  first,  of  a  large  sheet  of  cardboard  placed  upright  be- 
tween the  rabbit's  back  and  head,  and  cutting  off  from  the  whole  head 
and  its  surroundings  any  direct  rays  from  the  light;  and  second,  of  a 
cylinder  of  sheet  asbestos,  about  double  the  diameter  of  the  plethysmo- 
graph,  placed  about  it.  A  sensitive  thermometer  inserted  between  the 
asbestos  cylinder  and  the  plethysmograph  showed  that  no  change  of 
temperature  occurred  upon  turning  on  the  light.  Another  sensitive 
thermometer  was  laid  along  the  animal's  back,  with  the  bulb  in  cloee 
contact  with  the  skin,  to  enable  some  idea  to  be  formed  of  the  rate  of 
warming  of  the  back,  as  well  as  the  maximum  temperature  reached. 
Since  it  was  probable  that  the  temperature  of  the  thermometer  bulb 
would  rise  faster  than  that  of  the  skin,  where  the  bulb  was  freely 
exposed  to  the  light,  we  protected  the  bulb,  in  some  of  the  experi- 
ments, with  a  small  bit  of  asbestos.  This  precaution  was  not  wholly 
satisfactory,  since  it  was  now  probable  that  the  skin  in  contact  with  the 
tbermometer  bulb,  being  protected  with  asbestos,  as  well  as  by  the  bulb 
itself,  would  warm  up  more  slowly  than  areas  fully  exposed  to  the 
I^ht,  and  so  introduce  an  error  in  the  opposite  direction.  To  cool  the 
skin  of  the  back  we  placed  upon  it  a  cloth  bag  of  cracked  ice,  or  obtained 
the  desired  effect  by  pouring  a  small  quantity  of  ether  upon  it. 

Various  auditory  stimuli  were  tried,  but  the  only  really  satisfactory 
one  consisted  of  a  shrill  whistle,  blown  near  the  ear  of  the  rabbit,  but 
with  precaution  not  to  allow  the  blast  of  air  to  strike  the  animal. 

VASOMOTOR  RESPONSES  IN  NORMAL  RABBITS 

For  experiments  on  conscious  animals  we  were  obviously  limited  to 
stimuli  which  would  be  endured  without  struggling,  since  quiet  was  es- 
sential to  the  securing  of  a  convincing  record.  This  meant  the  confining 
of  the  stimulation,  in  general,  to  the  levels  below  the  threshold  of  pain, 
pr  the  selection  of  stimuli  which  have  no  marked  painful  quality,  even 
wh«)  intense.  The  investigation  became,  in  a  sense,  a  comparison  of 
the  thresholds  of  vasomotor  and  skeletal  muscle  reflexes,  since  our 
practice  was  to  push  the  stimulation,  whenever  possible,  until  the  ani- 
mal began  to  struggle,  observing  meanwhile  such  changes  in  ear 
volume  as  occurred. 

.  '  Tactile  stimyli.  Confirming  the  findings  of  Griitzner  and  Heiden- 
faain  (7)  Uiat  gentle  stimulation  is  effective  in  arousing  vasoconstriction, 
fffl  obtained  repeated  shriuk^e  of  ear  volume  by  blowing  with  the 
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breath  on  the  escposed  ear,  or  the  back  (clipped  of  hair)  or  the  hind 
leg,  or  the  nose.  The  onset  was  prompt;  the  maximum  effect  was 
reached  within  fifteen  seconds,  and  the  return  to  former  volume  was 
completed  within  thirty  to  forty-five  seconds.  Contact  of  an  ice  pack 
with  the  back  caused,  on  several  occasions,  an  ear  shrinkage  that  was 
obviously  due  to  the  contact  and  not  to  any  lowering  of  temperature, 
since  the  onset  was  as  prompt  aa  in  the  blowing  experiments,  and  re- 
covery occurred  as  quickly.  LocaUzed  irritation,  as  by  pulling  at  a 
small  group  of  hairs  with  forceps,  did  not  produce  any  demonstrable 
change  in  ear  volume. 

A  feature  of  these  responses  which  we  wish  to  stress  is  that  they 
were  definitely  more  pronounced  early  in  the  course  of  the  experiments 
than  later.  There  appeared  to  be  a  habituation  or  fatigue  which 
operated  to  cut  down  their  magnitude.  To  illustrate:  a  large  black 
male  rabbit,  which  bad  been  experimented  on  on  several  previous 
occasions,  gave,  within  the  first  five  minutes  of  the  experiment  of  Feb- 
ruary 19,  1920,  typical  responses  to  blowing  upon  the  ear.  Ten  min- 
utes later  the  response  was  still  evocable,  but  much  reduced;  a  half- 
hour  later  the  same  sort  of  stimulation  failed  to  elicit  any  response. 
Throughout  the  period  stimuli  of  one  sort  or  another  were  applied  every 
minute  or  two.  The  animal  was  then  removed  from  the  apparatus  and 
allowed  to  run  about  the  floor  for  ten  minutes.  It  was  then  replaced 
in  position  for  recording  ear  volume  changes  and  similar  stimuli  appUed. 
Shrinkage  of  ear  volume  occurred,  comparable  with  that  obt^ned  at 
the  very  beginning  of  the  experiment;  E^ain,  however,  there  was  a 
diminution  of  effect,  so  that  at  the  end  of  fifteen  minutes  the  response 
was  no  longer  obtainable. 

Auditory  stimuli.  Shrill  whistling,  prolonged  for  five  or  six  seconds, 
brought  about  ear  shriink^e  very  much  like  that  obtained  from  tactile 
stimulation.  The  latency  was  short,  and  the  duration  about  equal  to 
that  of  the  responses  to  blowing  on  the  ear  or  back.  To  assure  our- 
selves that  the  effect  on  the  plethysmograph  was  actually  due  to  a 
change  of  ear  volume,  and  not  to  a  movement  of  the  tj^mpanic  mem< 
brane,  we  stuffed  the  external  auditory  meatus  with  vaseline;  this 
procedure  did  not  change  the  response.  These  observations  are  in 
accord  with  those  of  Dc^el  (12).  We  observed  a  habituation  to  audi- 
tory stimulation  similar  to  that  reported  above  for  tactile.  The  vaso- 
constriction from  whistling  was  frequently  greater  at  first  than  the 
maximum  from  blowing  on  the  back  or  ear,  but  quickly  became  less, 
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and  complete  failure  occurred  earlier.  A  abort  rest  outside  the  appa- 
ratus restored  the  effectiveness  of  the  stimulation  momentarily. 

Thermal  stimuli.  We  attempted  to  lower  the  temperature  of  the 
skin  of  the  back  by  laying  an  ice  pack  on  it  and  by  pouring  ether  on 
it.  In  spite  of  repeated  attempts  the  first  method  failed  to  yield 
demonstrable  vasoconstriction  in  conscious  rabbits.  The  animal  would 
endure  the  presence  of  the  ice  pack  for  about  two  minutes,  but  would 
then  begin  to  struggle  so  violently  that  the  pack  had  to  be  removed. 
No  change  in  ear  volume  occurred  during  the  two  minutes  in  which 
the  pack  was  in  contact  with  the  back,  except  for  the  transitory  vaso- 
constriction due  to  contact  described  above.  The  chief  interest  of  this 
observation  lies  in  the  apparent  demonstration  that  cooling  of  the  back 
becomes  sufficiently  uncomfortjible  to  arouse  the  conscious  animal  to 
definite  efforts  at  escape  before  the  stimulation  of  cold  reaches  the 
point  of  evoking  demonstrable  vasoconstriction.  We  were  uniformly 
successful  in  obtaining  vasoconstriction  when  ether  was  poured  on  the 
back.  The  effect  developed  promptly,  reached  a  maximum  within  a 
half-minute,  and  usually  passed  off  within  two  or  three  minutes.  A 
small  volume  of  liquid,  roughly  1  cc,  gave  the  best  results.  On  one 
occasion  we  tried  pouring  about  5  cc.  on  the  back.  Vasoconstriction 
began  to  develop  in  the  usual  way,  but  before  it  had  attained  maximal 
extent  tiie  animal  displayed  signs  of  annoyance  at  the  odor,  and  pres- 
ently b^an  to  struggle.  We  attribute  the  constrictor  effect  induced 
by  ether  to  the  cooling  brought  about  by  the  rapid  evaporation,  and 
we  have  evidence  from  the  thermometer  placed  against  the  back  that 
Uiere  was  pnnnpt  and  marked  cooling;  on  two  occa^ons  the  back  tem- 
perature fell  ei^t  degrees  in  two  minutes.  The  possibiUty  that  the 
ether  may  have  had  an  irritating  effect  apart  from  the  cooling  is  not 
excluded,  although  no  marked  irritation  is  experienced  from  contact  of 
ether  with  the  human  skin.  It  is  possible  that  our  superior  success  with 
ether  as  compared  with  the  ice  pack  was  due  to  adegree  of  fright  induced 
by  the  strange  odor,  which  kept  the  animal  quiet  except  in  the  case 
where  an  excessive  dose  was  used,  when  the  desire  to  escape  became 
paramount. 

Vasodilatation  (swelling  of  ear)  was  readily  obtained  in  conscious  rab- 
bits by  warming  the  back  with  an  electric  hght  in  the  manner  described 
above.-  The  ftnimulB  usually  endured  the  warming  for  several  minutes 
without  showii^  signs  of  discomfort.  In  every  trial  but  one  of  our  series 
vasodilatation  b^an  to  show  itself  before  any  skeletal  muscle  move- 
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mflnts  were  made.  Id  the  one  exceptional  case  there  were  BigOB  of  rest- 
lessness before  vasodUatation  became  perceptible,  but  the  movements 
were  not  extensive  enough  to  necessitate  discontinuance  of  the  experi- 
ment, and  increase  in  ear  volume  began  to  show  itself  before  stn^glii^ 
became  pronounced.  There  was  considerable  variation  in  the  latency 
of  the  vasodilatation;  in  some  cases  the  ear  began  to  swell  within  a 
few  seconds  after  turning  on  the  light;  in  others  two  or  three  minutes 
elapsed  before  visible  increase  in  ear  volume  appeared.  In  the  excep- 
tional case  mentioned  above,  in  which  struggling  preceded  ear  swelling, 
the  wanning  continued  for  seven  minutes  before  the  bodily  movements 
began;  the  swelling  of  the  ear  did  not  become  demonstrable  until 
eleven  minutes  after  applying  the  electric  hght.  As  stated  in  a  former  . 
paragraph,  we  do  not  consider  the  recorded  changes  in  back  tempera- 
ture very  significant  because  of  the  large  probable  error,  inherent  in  the 
use  of  a  mercury  thennometer  laid  in  contact  with  the  skin.  It  is, 
however,  perhaps  worth  noting  that  on  four  occasions  the  rise  in  skin 
temperature  preceding  the  beginning  of  struggling  on  the  part  of  the 
animal  coincided  at  6°. 

VASOMOTOR  REFLEXES  Hi  DECBKEBRATEn  RABBITS 

Our  method  for  preparing  the  rabbits  was  that  iisually  employed  in 
experiments  involving  the  procedure  of  decerebration.  Light  ether 
anesthesia  was  maintained  throughout  the  operation  up  to  the  com- 
pleting of  the  cut  across  the  brain  stem.  Clamps  were  applied  to  the 
carotids,  and  the  vertebral  arteries  were  occluded  by  pressure  of  the 
fingers  and  thumbs  of  an  assistant  at  the  sides  of  the  vertebral  column 
immediately  behind  the  skull.  In  rabbits  stoppage  of  the  circulation 
through  the  vertebrals  is  easily  accomplished  in  this  manner.  As 
soon  as  possible  after  completion  of  decerebration  the  pressure  on  the 
vertebrals  was  released  and  the  clamps  on  the  carotids  removed. 

Tactile  stimuli.  The  only  suggestions  of  vasoconstrictor  reflexes 
following  tactile  stimulation  were  obtained  within  the  first  fifteen  min- 
utes after  decerebration.  On  several  occasions  we  noted  what  looked 
like  extremely  slight  positive  responses,  but  only  once  was  there  a 
reaction  that  at  all  approached  in  magnitude  our  usual  responses  to 
similar  stimulation  in  normal  rabbits.  On  this  occasion  the  reaction 
followed  laying  the  hand  gently  on  the  rabbit's  head.  About  a  min- 
ute later  repetition  of  the  stimulus  was  followed  by  vigorous  galloping 
movements  on  the  part  of  the  animal.    Perhaps  it  is  worth  noting  that 
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whenever  our  procedures  aroused  decerebrate  rabbits  to  violent  move- 
ments they  took  the  form  of  galloping;  this  contrasts  sharply  with  the 
struggling  of  conscious  rabbits,  whose  effort  was  invariably  to  push 
themselves  backward  off  the  board  on  which  they  lay;  an  effort  expli- 
cable when  one  recalls  that  the  chief  unaccustomed  factor  in  the  situa- 
tion was  the  plethysmograph  tube  on  the  ear.  In  no  case  did  tactile 
stimuli  applied  during  the  later  stages  of  an  experiment  give  positive 
vasomotor  results.  That  this  failure  was  not  due  to  dimintehed  sensi- 
tivity of  the  animals  was  shown  by  the  presence  during  the  same  stage 
of  the  experiment  of  definite  skeletal  muscle  responses  to  slight  stimuli. 

Auditory  stimuli.  We  were  unable  to  obtain  a  definite  vasomotor 
reaction  to  shrill  whistling  in  any  instance,  although  skeletal  muscle 
responses  were  readily  elicitable  in  nearly  all  our  trials.  In  one  case 
the  galloping  activity,  noted  above  as  characteristic  of  violent  effort 
in  decerebrate  rabbits,  followed  an  auditory  stimulus,  although  in  most 
of  our  trials  only  slight  movements  of  ear  or  head  were  noted.  We  wish 
to  stress  the  point  that  two  sorts  of  gentle  stimulation,  tactile  and 
auditory,  which  in  normal  animals  typically  bring  about  well-marked 
vasomotor  reflexes,  fail  almost  completely  in  this  regard  in  decere- 
brates, although  skeletal  muscle  reflexes  are  obtained  about  as  well  in 
one  form  as  in  the  other. 

Thermal  stimuli.  We  obtained  typical  vasoconstriction  from  pour- 
ing ether  on  the  back  of  decerebrated  rabbits;  in  appearance  this 
corresponded  fully  with  the  response  of  normal  animals  to  similar  stim- 
ulation. Warming  the  back  by  means  of  an  electric  light  gave  vasodila- 
tation (ear  swelling)  in  all  our  trials  except  two.  There  appeared  to  be 
less  tendency  than  in  normal  rabbits  toward  struggling;  at  least  the 
animal  would  usually  remain  quiet  for  a  longer  time  after  the  hght 
was  turned  on  than  would  the  normals.  On  two  occasions  no  ear 
swelling  was  manifest;  on  one  of  these  there  appeared  to  be  a  slight  ear 
shrinkage.  We  carried  out  an  extensive  series  of  observations  on  the 
results  of  immersing  a  1^  in  water.  As  stated  above,  the  leg  was  thor- 
oughly greased  with  vaseline  before  immersion.  A  hind  leg  was  used  in 
most  of  our  experiments.  The  front  leg  was  tried,  but  in  no  case  with 
positive  results.  Water  at  I'C.  (ice  water)  was  used  repeatedly  but 
neither  with  decerebrates  nor  with  rabbits  in  any  other  state  did  we 
ever  obtain  a  perceptible  vasomotor  change  therewith.  For  the  tests 
with  warm  water  temperature  intervals  of  5°C.  were  used,  beginning 
with  35°.  No  chaises  in  ear  volume  were  observed  at  temperatures 
below  50°.    At  50°  vasodilatation  occurred  regularly;  at  55°  vasodilata- 
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tioD  occurred  in  approximately  half  the  trials  and  vasoconstriction  to 
the  other  half;  at  60°  and  65°  only  shrinkage  in  ear  volume  was  seen, 
except  that  on  one  occasion  a  slight  increase  in  ear  volmne  preceded  the 
constriction.  These  observations  suggest  that  there  is  a  temperature 
point  at  which  reversal  of  vasomotor  effect  occurs. 

VASOMOTOR    REFLEXES    IN    RABBITS    UNDEH    LIGHT    ETHER    ANESTHESIA 

In  our  experiments  in  which  ether  was  used  as  the  anesthetic,  paias 
were  taken  to  keep  the  narcosis  as  shallow  as  possibje ;  some  variation 
in  depth  of  anesthesia  was  inevitable  with  the  method  of  administra- 
tion, which  was  by  an  ordinary  nose  cone.  Tactile  sHtnuH  appeared  to 
be  less  effective  in  eliciting  vasomotor  responses  than  in  unanesthetized 
rabbits;  at  least  such  as  we  tried  were  ineffective,  although  they  w«re 
pushed  to  the  point  of  inducing  struggling.  Shrill  whistling  wasiolr 
lowed  by  transient  shrinkage  of  the  ear;  very  definitely  in  the  early 
stages  of  the  experiment;  less  so  in  the  later  stages.  It  was  our  impresr 
sion  that  there  was  a  habituation  to  the  stimulus,  similar  to  that  sug- 
gested by  the  experiments  on  conscious  animals,  but  the  possibility 
that  increasing  depth  of  narcosis  might  account  for  the  lessened  effect 
is  not  excluded-  ,     • 

Warming  the  back  by  means  of  an  electric  light  resulted  in  vaso- 
dilatation; with  very  Ught  narcosis  the  animal  would  endure  the  warm- 
ing without  struggling  for  only  a  few  minutes,  so  that  extended  ex[X)S- 
ure  to  the  warming  could  not  be  studied.  Immersing  a  hind  leg  in 
water  at  45''C.  was  followed  in  one  instance  by  definite  ear  sw^llijpig, 
although  shortly  afterward  temperatures  of  49°,  50°  and  51°  gave 
negative  resiJts.  Water  at  52°  brought  about  commencing  vasodil^ 
tation,  but  almost  coincident  with  the  b^inning  of  the  change  in  ea^ 
volume  the  animal  became  restless  and  the  hot  water  had  to  be  with- 
drawn. When  the  leg  was  immersed  in  water  at  55°  the  animal  struggled 
so  promptly  and  violently  that  no  vasomotor  record  could  be  obtained. 

VASOMOTOR  REFLEXES  IN  RABBITS  PARTIALLY  ANESTHETIZED  WITI{ 
URETHANE 

We  were  much  interested  in  the  possible  effects  of  urethane  Ob  the 
responses  to  receptor  stimulation,  since  Martin  and  Lacey  ,(1)  li&d 
shown  that  the  threshold  of  vasomotor  reflexes  from  nen^e-truntc  stimu- 
lation is  not  very  much  raised  by  urethane.    We  performed  our  "^k- 
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perimeotB  with  urethane  in  two  series;  in  the  first  only  half  the  atand- 
ard  dosage  was  used  (1  gram  per  kilo  body  weight) ;  in  the  second  we 
used  standard  full  dosage.  The  appearance  of  rabbits  that  have  re- 
ceived only  half  the  usual  dose  of  the  narcotic  differs  characteristically 
from  that  presented  by  fully  anesthetized  animals.  Tbey  show  a  de- 
gree of  prostration,  but  chiefly  in  the  rear  half  of  the  body.  The  hmd 
1^8  are  frequently  quite  useless,  but  some  control  is  retained  over  the 
front  1^8,  and  the  neck  muscles  appear  to  be  only  slightly  affected  so 
that  the  head  is  held  in  about  the  usual  position.  This  ts  in  sharp 
contrast  to  the  complete  muscular  relaxation  of  rabbits  under  the 
influence  of  full  dosage. 

TatHU  stimuli.  The  same  kinds  of  tactile  stimuli  were  used  as  under 
the  other  experimental  conditions  employed  in  the  investigation, 
namely,  blowing  on  or  pinching  the  ear,  blowing  on  the  back  or  leg, 
rubbing  the  inside  of  the  mouth  with  a  blimt  instrument.  In  about 
half  the  trials  ear  volume  showed  slight  decrease,  indicating  some  vaso- 
constriction; in  the  others  no  change  was  seen.  On  two  occasions 
pinching  the  ear  brought  about  struggling,  showing  that  skeletal 
muscle  reflexes  were  rather  readily  evocable. 

Auditory  slimtdi.  In  only  one  out  of  nine  trials  did  whistling  fail 
to  elicit  vasoconstriction ;  one  of  the  results  recorded  as  positive  was  so 
slight  as  lo  be  questionable;  all  the  others  were  definite. 

Thermal  sHmitli.  Cooling  the  back  by  pouring  ether  on  it  did  not 
give  as  satisfactory  results  as  in  normal  or  decerebrated  rabbits.  We 
did  not  obtain  in  any  instance  as  good  a  record  of  ear  ahrinki^  from 
this  procedure  as  appeared  regularly  in  those  series.  The  partiaUy 
urethanized  animals  spoiled  the  record  by  struggling  much  more  fre- 
quently, but  in  the  few  cases  in  which  struggling  did  not  occur  clear- 
cut  vasoconstriction  was  not  manifested,  although  the  record  indicated 
its  presence  to  a  very  alight  degree. 

Wanning  the  back  with  an  electric  light  was  followed  regularly  by 
well-marked  vasodilatation.  The  warming  was  ordinarily  endured  for 
only  about  four  minutes;  at  the  end  of  that  time  struggling  would  be- 
gin and  the  light  have  to  be  removed.  There  would  have  been  time, 
meanwhile,  for  the  ear  swelling  to  show  itself.  Immersing  a  hind  1^ 
in  warm  water  gave  vasodilatation  at  45°,  50°,  and  52°;  at  the  latter 
temperature  the  effect  was  very  slight ;  possibly  there  was  a  habituation 
from  the  previous  immersions  at  the  lower  temperatures.  At  54°  the 
animal  atru^led  thirty  seconds  after  applying  the  warm  water;  no 
swelling  of  the  ear  had  developed  at  that  time. 
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Obaervt^ona  on  the  late  effects  of  urethane.  We  were  interested  in  the 
late  effects  of  urethaDe  on  the  relative  Bensitivenesa  of  the  vasomotor 
and  skeletal  muscle  reflex  paths;  accordingly  we  reexamined  our  ani- 
tnats  at  the  end  of  twenty-four  hours,  and  in  one  case  of  a  half-dose 
animal  again  after  forty-eight,  and  after  seventy-two  hours.  Our 
rabbits  that  had  received  only  half  the  usual  urethane  dosage  were  in 
general  appearance  nearly  over  the  effects  of  the  drug  on  the  day  fol- 
lowing administration.  They  ordinarily  showed  some  lack  of  cofir- 
dination  in  the  movements  of  the  hind  legs,  but  in  other  respects  behaved 
much  like  normal  rabbits.  Such  skeletal  muscle  reflexes  as  attended 
our  receptor  stimulations  were  definitely  more  easily  elicited  than  on  the 
preceding  day.  In  contrast  to  this  near  recovery  of  skeletal  muscle 
control  is  the  interestii^  fact  that  vasomotor  reflexes  were  nearly 
inelicitable.  Vasodilatation  resulted  from  warming  the  back  with  an 
electric  light,  but  all  our  other  procedures  were  negative,  except  that 
in  a  single  instance  rubbing  the  inside  of  the  mouth  was  followed  by  a 
minute  curve  in  the  tracing  which  may  have  been  an  indication  of  very 
slight  vasoconstriction. 

After  forty-eight  hours  the  single  rabbit  that  was  observed  extensively 
presented,  in  all  respects,  the  appearance  of  complete  recovery.  It  re- 
sponded to  mechanical  and  auditory  stimulation  by  vasoconstriction  in 
precisely  the  fashion  of  normal  rabbits.  The  only  difference  IhatVe 
observed  was  that  no  ear  shrinkage  followed  the  pouring  of  ether  on  the 
back.  To  determine  whether  this  response  would  be  reestablished  we 
repeated  the  tests  on  the  following  day,  namely,  seventy-two  hours 
after  narcotization.  In  addition  to  positive  results  from  all  our  other 
tests  we  now  obtained  definite  vasoconstriction  when  ether  was  poured 
on  the  back. 

VASOUOTOR  REFLEXES  IN  RABBITS  FULLY  ANESTHETIZED  WITH  UBBTHANB 

As  stated  above,  rabbits  under  full  urethane  narcosis  show  complete 
muscular  relaxation.  Incur  experience  this  comes  on  quite  promptly; 
it  is  accompanied  by  a  pronounced  slowing  of  the  breathing.  We 
made  a  number  of  counts  of  the  respiratory  rate  before  and  after  admin- 
istering urethane,  and  obtained  slowing  from  a  preliminary  rate  rang- 
ing between  140  and  180  a  minute  to  a  rate  of  60  to  70  a  minute. 

TacHls  stimuli.  We  obtained  definite  changes  in  ear  volume  follow- 
ing tactile  stimulation  in  about  70  per  cent  of  our  trials;  since  we  ex- 
perimented with  various  means  of  stimulation  the  percentage  of  nega- 
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tive  results  is  probably  not  unduly  large.  Contrary  to  our  experience 
with  rabbits  in  other  states  as  regards  narcotization,  in  all  of  which 
mechanical  stimulation  gave  only  vaBOConstriction,  we  observed  in 
nearly  a  third  of  our  positive  trials  in  this  series  swelling  of  the  ear 
(vasodilatation) ;  in  the  remaining  two-thirds  the  usual  vasoconstriction 
was  seen.  In  an  attempt  to  account  for  the  occurrence  of  contrary 
responses  from  similar  stimulations  we  classified  the  tactile  stimuli 
employed  as  gentle  or  harsh.  To  the  first  group  were  asBigned  strok- 
ing  the  skin,  handling  the  ear  gently,  and  blowing  on  the  car  or  back; 
in  the  second  were  included  pinching  the  skin  hard  with  fingers  or  for- 
ceps and  rubbing  the  inside  of  the  mouth  with  a  blimt  instrument ;  the 
free  ear  was  the  area  most  frequently  selected  for  pinching.  All  our 
vasodilator  responses  but  one  resulted  from  the  application  of  stimuli 
classified  as  gentle ;  70  per  cent  of  the  constrictor  responses,  on  the  other 
hand,  followed  harsh  stimulation. 

Notwithstanding  the  complete  muscular  relaxation  characteristic  of 
fully  urethanized  rabbits  skeletal  muscle  reflexes  were  not  wholly 
absent.  On  three  occasions  mechanical  stimulations  were  followed  by 
struggling.  Two  of  these  were  after  harsh  stimuli;  the  third  occurred 
after  blowing  on  the  skin,  a  stimulus  classified  by  us  as  gentle. 

Auditory  stimuli.  Shrill  whistling  was  followed  by  ear  shrinkage 
(vasoconstriction)  regularly  in  the  early  stages  of  the  experiments.  In 
only  three  early  trials  did  we  fail  to  get  the  response.  In  all  these 
experiments  stimulation  was  begun  as  soon  as  possible  after  signs  of 
complete  narcotization  had  developed.  In  only  one  case  did  we  observe 
a  positive  efiFect  as  much  as  forty  minutes  after  the  beginning  of  ex- 
perimentation. In  general  urethanized  rabbits  seemed  to  respond 
positively  to  auditory  stimulation  only  during  the  very  early  stages 
of  narcosis.  In  all  our  experiments  of  this  series  good  responses  to  tac- 
tile stimuli  were  elicitable  a  half-hour  or  more  after  auditory  stimula- 
tion had  ceased  to  be  effective.  In  two  instances  transient  ear  swelling 
followed  the  whistling;  these  were  the  only  cases  in  our  entire  experience 
in  which  any  other  positive  response  than  vasoconstriction  followed 
auditory  stimulation. 

Thermal  stimuti.  Both  our  methods  of  lowering  skin  temperature, 
laying  an  ice  pack  on  the  back,  and  pouring  ether  thereon,  brought 
about  vasoconstriction  repeatedly.  We  failed  to  get  this  result  only 
twice,  both  times  during  the  very  late  stages  of  the  experiments.  Rais- 
ing the  back  temperature  by  means  of  an  electric  light  was  followed 
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just  as  regularly  by  swelling  of  the  ear  (vasodilatatios) .  In  several 
instances  the  onset  of  the  dilator  reaction  was  considerably  delayed. 
During  this  latent  period  we  observed  several  times,  but  not  invari- 
ably, a  slight  but  perfectly  definite  ear  shrinkf^e,  which  suggests  the 
possibility  of  a  local  vasodilatation  in  the  warmed  area  of  the  back 
which  would  cause  an  increased  flow  of  blood  through  that  region  at 
the  expense  of  other  parts  of  the  body.  With  the  development  of  gen- 
eral reflex  vasodilatation  active  swelling  would  succeed  this  passive 
shrinkage  in  such  areas  as  the  ear.  On  only  two  occasions  did  the 
warmth  on  the  back  lead  to  struggling.  This  contrasts  sharply  with 
the  invariable  occurrence  of  this  reaction  in  normal  rabbits. 

Immersing  one  hind  leg  in  warm  water  was  followed  by  swelling  of 
the  ear  (vasodilatation)  in  just  half  our  trials;  all  the  others  were  nega- 
tive except  two,  in  which  there  appeared  to  be  a  slight  shrinkage  of  the 
ear.  Positive  vasodilatations  were  obtained  at  temperatures  of  50° 
and  upward;  none  were  seen  at  45°,  although  that  temperature  was 
tried  repeatedly.  We  obtained  in  two  cases  ear  swelling  at  65°;  subse- 
quent tests  at  70°  and  75°  were  negative.  We  have  reason  to  suspect 
that  injury  to  the  receptors  occurred  at  65°,  since  the  leg  that  had  been 
immersed  in  this  very  hot  water  was  much  swollen  and  blistered  on 
the  following  day.  For  comparison  it  might  be  well  to  note  that 
waterat  50°  to  52°  is  extremely  painful  to  the  human  hand  if  immersion 
is  maintained  for  as  much  as  a  minute,  as  we  demonstrated  upon  our- 
selves. The  observations  which  we  interpreted  as  showing  vasocon- 
striction occurred  at  53°  and  58°.  There  was  struggling,  sometimes 
violent,  at  nearly  all  temperatures  above  53°.  The  latency  was  suffi- 
cient to  allow  the  change  in  ear  volume  to  show  itself  while  the  ani- 
mal was  still  quiet.  In  one  case  the  skeletal-muscle  response  to  immer- 
sion of  a  hind  leg  in  hot  water  took  the  form  of  definite  running 
movements. 

Late  effects  of  full  urethane  narcotization.  In  an  earlier  section  we 
described  observations  on  the  recovery  from  half  doses  of  urethane. 
Similar  observations  were  made  on  the  late  effects  of  full  doses.  At  the 
end  of  twenty-four  hours  we  found  substantially  the  same  situation 
with  respect  to  vasomotor  responsiveness  that  is  recorded  above  for 
partially  urethanized  animals,  nwnely,  an  almost  complete  insensitive- 
ness.  We  have  one  observation  of  ear  swelUng  following  warming  the 
back  with  an  electric  light,  but  with  by  far  the  longest  latent  period 
(thirteen  minutes)  seen  in  the  investigation.  We  have  also  one  record 
of  vasoconstriction  resulting  from  pouring  ether  on  the  back.    All  our 
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otlier  numerous  tests,  mcluding  all  the  kinds  described  in  this  paper, 
were  negative.  These  rabbits  showed  much  less  progress  toward  re- 
covery  of  skeletal  muscle  control  than  did  those  tmder  half-urethane 
after  a  similar  interval.  They  did,  however,  respond  r^ularly  by 
struggling  to  most  forms  of  mechanical  stimulation,  to  ether  on  the 
back,  and  to  immersioD  of  a  hind  leg  in  water  at  temperatures  above 
51°C.  The  respiratory  rate  was  that  of  complete  urethane  narcoeds, 
namely,  60  to  70  a  minute. 

A  single  rabbit  that  was  examined  at  intervals  until  completely  recov- 
ered gave  the  following  history:  at  thirty  hours  after  administration  of 
urethane  the  breathing  was  still  slow,  72  in  the  minute;  there  were  do 
wellnnarked  ear  volume  changes  as  the  result  of  stimulation,  although 
very  small  curves  appeared  in  the  tracii^  in  connection  with  the 
application  of  some  of  the  stimuli.  An  interesting  feature  of  such  as 
did  appear  was  that  with  one  exception  they  were  of  opposite  sign 
to  the  usual  responses;  thus,  both  tactile  and  auditory  stimuli  gave 
what  would  have  been  interpreted  as  vasodilatation  if  the  curves  had 
been  more  pronounced,  whereas  the  ordinary  effect  of  such  stimuli 
is  definite  vasoconstriction.  One  tactile  stimulus  did  give  apparent 
ear  shrinkage,  this  being  the  single  exception  mentioned  above.  After 
forty-six  hours  the  breathing  in  this  rabbit  had  returned  to  the  nonnal 
rate,  170  in  the  minute;  there  was  still  considerable  muscular  incodrdi- 
nation.  The  vasomotor  responses  to  stimulation  were  more  mailted 
than  after  thirty  hours,  but  again  both  auditory  and  tactile  stimuli 
were  followed  by  dilatation  instead  of  by  the  usual  constrioUon. 
Wanning  the  back  with  an  electric  light  gave  dilatation;  immersing  a 
hind  foot  in  warm  water  (45°-55'')  was  without  ^ect  on  ear  volume; 
at  55"  the  animal  struggled.  Fifty-four  hours  after  anesthetization 
both  tactile  and  auditory  stimuli  yielded  vasoconstrictor  reactiooB, 
although  in  five  out  of  eight  trials  there  was  a  slight  preliminary  dila- 
tation preceding  the  constriction.  Pouring  ether  on  the  back  r^ulted 
at  this  time  in  the  usual  constrictor  response.  At  the  end  of  seventy- 
six  hours  the  vasomotor  reactions  were  in  every  respect  similar  to  those 
previously  obtained  by  us  from  unanesthetized  rabbits. 

DISCUSSION 

The  transient  vasoconstrictor  response  obtained  by  us  under  mOd 
tactile  stimulation  appears  to  be  identical  with  that  described  by  GrQtt- 
ner  and  Heidenhain  (7)  for  a  similar  situation.    The  investigators  just 
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mentioned  observed  a  marked  beigbtening  of  tbe  response  under  curare 
poiBoning,  and  were  so  impressed  tberewitb  that  tbeir  further  study 
concerned  itself  witb  tbe  reflex  as  exhibited  by  rabbits  in  curare  paraly- 
sis, to  the  exclusion  of  its  consideration  in  unpoisoned  animals.  In 
addition  to  their  finding  that  the  vasoconstriction  was  heightened  in 
curare  paralysis  they  showed  that  very  severe  stimulation  of  the 
cutaneous  endings,  instead  of  aEFording  even  more  pronounced  results, 
failed  to  induce  any  response  whatever.  Before  discussing  the  features 
in  which  oiur  observations  ^ree  with  those  of  GrUtzner  and  Heiden- 
h^n  a  brief  consideration  of  these  curare  effects  seems  desirable.  The 
point  about  them  which  was  chiefly  stressed  by  the  authors  was  that 
they  appeared  only  at  a  certain  dosage  of  curare,  a  fact  which  probably 
explains  the  f^ure  of  recent  workers  in  the  same  field  (Sollmann  and 
Pilcher  (13),  Martin  and  Stiles  (3))  to  report  the  phenomena.  To  our 
mind  this  confinement  of  the  effect  to  a  certain  stage  of  curare  poison- 
ii^  signifies  an  acute  disturbance  of  nervous  equilibrium  due  to  the 
drug,  and  negatives  the  application  of  the  observations  to  the  interpre- 
tation'of  normal  nervous  functioning.  We  are  not  willing  to  accept, 
for  this  reason,  the  view  of  Grtitzner  and  Heidenhain  that  the  marked 
rise  of  blood  pressure  seen  in  their  curare  experiments  is  a  mere  accen- 
tuation of  the  slighter  rise  obtained  from  similar  stimulation  in  normal 
animals.  They  consider  the  possibility  that  the  action  on  the  vasocon- 
strictor may  be  a  secondary  result  of  primary  psychic  excitation,  and 
reject  it  on  the  ground  of  the  finding  that  tbe  curare  rise  of  pressure  per- 
sists after  cutting  across  the  brain-stem.  Dogiel  (cited  by  Lucioni, 
12)  found  that  normal  animals  showed  vasoconstriction  in  response  to 
auditory  stimulation,  and  that  the  response  disappeared  under  curare. 
We  confirm  the  finding  so  far  as  normals  are  concerned.  In  the  sec- 
tion of  this  paper  dealing  witb  reflexes  in  decerebrate  animals  we  have 
reported  our  virtual  failure  to  obtain  vasoconstriction  from  either  tac- 
tile or  auditory  stimulation  in  uncurarized  decerebrate  rabbits.  We 
incline,  therefore,  to  the  view  that  both  in  our  experiments  and  in 
those  of  GrUtzner  and  Heidenhain  and  of  Dogiel  the  transient  vasocon- 
striction seen  in  normal  animals  was  due  to  a  secondary  influence  on  tbe 
vasomotor  mechanism  following  psychic  excitation.  This  interpreta- 
tion places  the  reaction  in  precisely  the  same  cat^ory  with  the  familiar 
plethysmographic  findings  in  man,  wherein  mental  alertness  is  accom- 
panied by  arm  shrinkage.  In  our  opinion  this  view  is  strengthened  by 
our  observation  that  there  is  an  apparent  habituation  to  the  stimulus. 
This  is  just  what  one  would  expect  should  follow  repetition  of  a  stimulus 
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which  depends  for  Its  effect  on  psychic  excitation,  particularly  when  the 
stimulation  itself  is  of  ao  mild  a  character  as  was  used  in  this  connec- 
tion. The  confinement  of  our  positive  results  to  the  very  early  stages 
of  urethane  and  ether  anesthesia  agrees  also  with  this  conception. 
By  way  of  further  confirmation  we  have  the  finding  of  Jacobaon  (14) 
that  locoUzed  akin  stimulation  in  human  beings  is  unproductive  of 
vasoconstriction  through  the  operation  of  a  direct  reflex,  although,  ae  is 
well  known,  definite  vasoconstrietion  occurs  in  man  whenever  mental 
alertness  is  elicited,  however  slight  the  exciting  agent.  The  discussion 
up  to  this  point  summarizes  into  the  generalization  that  mild  tactile 
or  auditory  stimulation  is  productive  of  vasoconstriction  only  when  it 
operates  to  bring  about  psychic  excitation,  which  latter  is  the  immediate 
cause  of  the  vasomotor  activity. 

In  addition  to  the  transient  vasoconstriction  just  discussed  we  ob- 
tained a  similar,  but  more  prolonged,  reaction  when  an  area  of  skin  was 
chilled.  The  significant  combination  of  influences  here  appears  to  be  a 
physiologically  intense  stimulus  (lowering  the  back  temperature  8 
degrees  in  two  minutes)  and  a  widespread  area  over  which  the  stimula- 
tion is  apphed.  That  this  combination  is  highly  disturbing  is  shown 
by  the  prompt  objection  made  by  unanestbetized  animals  to  an  ice 
pack  On  the  back.  The  cooling  by  pouring  etber  on  the  back  waa 
endured,  but  only,  in  our  opinion,  on  account  of  fright  induced  by  the 
odor  of  the  ether.  Deeply  anesthetized  and  decerebrated  animals  gave 
the  reaction  regularly,  showing  that  it  is  not  dependent  on  p^chic 
excitation. 

Our  most  prominent  exhibitions  of  vasodilatation  occurred  as  the 
result  of  applying  warmth  to  the  skin,  and  of  the  two  methods  em- 
ployed the  more  striking  as  well  as  the  more  constant  was  that  which 
more  nearly  approached  the  normal  conditions  of  the  environment, 
namely,  the  gradual  warming  of  a  large  area  of  the  back  by  means  of  an 
electric  light.  There  is  nothing  in  our  experiments  to  show  whether  this 
dilatation  is  reflex  or  is  due  to  a  direct  effect  of  warming  the  blood, 
but  the  experiments  of  Winkler  (cited  by  BayUss,  10)  gave  evidence  that 
a  similar  manifestation  was  definitely  of  reflex  origin.  A  feature  we 
wish  to  emphasize  in  connection  with  this  reaction  is  that  it  occurs  in 
response  to  a  very  gentle  type  of  stimulation.  If  we  may  judge  by  the 
behavior  of  conscious  animals,  no  disturbing  element  was  contained  in 
the  back  warming  until  it  had  been  in  operation  for  a  number  of  min- 
utes. Our  other  method  of  eliciting  vasodilatation,  by  dipping  a  leg 
into  water,  gave  much  less  uniform  results.    The  sensory  area  in- 
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volved  was  relatively  limited,  and  the  range  of  stimulation-strength 
which  would  evoke  the  reflex  was  narrow;  cold  water  and  water  of 
moderate  warmth  gave  negative  results;  water  too  hot  aroused  skeletal- 
muscle  activities  which  nullified  the  observations.  In  several  cases 
the  response  was  reversed;  this  occurred  usually,  but  not  invariably, 
at  the  highest  temperatures  that  could  be  used  satisfactorily.  The 
suggestion  is  that  the  attainment  of  water  temperatures  of  definitely 
painful  character  tends  toward  the  vasomotor  response  usually  associat- 
ed with  pain,  namely,  vasoconstriction,  while  the  gentler  stimulation  of 
warmth  tends  rather  to  induce  vasodilatation.  In  none  of  our  experi- 
ments  with  thermal  stimuli  was  there  any  indication  that  psychic  exci- 
tation is  concerned  in  the  reaction.  The  experiments  of  this  group, 
while  harmonizing  on  the  whole  with  the  accepted  view  that  the  specific 
effect  of  warmth  stimulation  is  vasodilatation,  and  of  cold  vasocon- 
striction, seem  to  us  also  susceptible  of  explanation  in  terms  of  the 
volume  of  nervous  discharge  set  up.  That  is,  that  gentle  or  restricted 
stimulation,  evoking  only  a  moderate  discharge,  induces  typically 
vasodilatation,  while  intense  or  widespread  stimulation,  which  sets  up 
a  considerable  volume  of  nervous  impulses,  tends  to  arouse  vasocon- 
striction. It  will  be  seen  that  this  is  an  attempt  to  avoid  relating 
particular  vasomotor  reactions  to  the  stimulation  of  specific  sense  organs, 
and  to  ass^  them  rather  to  certain  volumes  of  nervous  discharge.  In 
a  subsequent  communication  additional  evidence  to  this  effect  will  be 
adduced,  and  a  more  detailed  consideration  of  the  bearing  of  this  con- 
ception on  the  whole  problem  of  reflex  conduction  presented. 

SUHHART 

Experiments  on  the  effects  on  ear  volume  of  tactile,  auditory  and 
thermal  stimulation  in  normal,  decerebrate  and  narcotized  rabbits 
lead  to  the  conclusion  that  when  vasoconstriction  follows  mild  stimula- 
tion it  is  to  be  interpreted  as  a  secondary  effect,  following  primary 
psychic  excitation.  Gentle  or  limited  stunulation  not  arousing  mental 
alertness  typically  induces  vasodilatation.  Reflex  vasoconstriction, 
not  dependent  on  psychic  excitation,  requires  intense  or  widespread 
stimulation  for  its  elicitation. 
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The  great  development  of  chemistry  in  its  relation  to  vital  phenom- 
ena during  the  past  twenty  years  has  made  imperative  a  more  accurate 
and  comprehensive  examination  of  the  various  problems  concerned 
with  the  permeability  of  the  placenta.  The  many  forces  controlling 
the  passage  of  substances  into  cells  and  through  cellular  membranes 
have  become  much  better  understood,  and  since  the  placenta  can  be 
considered  as  a  cellular  membrane  separating  the  maternal  circulation 
from  the  fetal,  these  advanced  conceptions  are  available  for  applica- 
tion in  the  study  of  its  permeability,  so  long  recognized  as  of  great 
importance  in  the  physiology  of  the  fetus.  The  greatest  proportion 
of  all  workers  in  this  field  have  approached  the  study  of  placental 
transmission  by  administering  substances  which  might  bo  qualitatively 
recognized  in  the  fetus,  and  have  merely  stated  whether  or  not  they 
passed.  Some  have  indicated  the  duration  of  the  experiment,  while 
others  seemed  to  have  considered  the  recognition  of  the  substances  as 
sufficient.  Much  of  this  work  will,  however,  prove  of  permanent 
value  because  the  large  number  of  substances  that  have  been  used  will 
permit  of  various  classifications,  and  thus  indicate  further  lines  of 
investigation. 

Nicloux  (11)  has  made  use  of  this  opportunity,  and  has  divided  the 
substances  into  two  groups,  as  follows:  a,  Substances  soluble  in  water 
and  diffusible,  crystalloids;  these  traverse  the  placenta.  6,  Sub- 
stances insoluble  in  water  and  not  diffusible,  colloids;  these  do  not 
traverse  the  placenta.  He  has  also  (12)  studied  very  accurately 
the  transmission  of  ethyl  alcohol  administered  to  pregnant  dogs  and 
guinea  pigs,  and  has  found  that  in  about  one  hour  and  thirty  minutes 
after  the  introduction  an  equilibrium  has  been  reached  between  the 
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alcoholic  content  of  the  maternal  and  fetal  bloods.  Combining  tbe 
results  of  his  own  experiments  with  his  analyas  of  the  work  of  others, 
he  concludes  that  while  many  other  factors  should  be  considered  simple 
dialysis  is  the  most  important. 

As  one  considers  the  question  of  approach  to  a  further  study  of  this 
most  extensive  and  complex  subject,  another  classification  seems  advis- 
able, in  order  to  indicate  the  possible  methods  which  may  be  utilised. 
All  substances  coming  into  contact  with  the  placental  membrane  on 
tbe  maternal  side  must  fall  into  one  of  two  great  classes,  those  normally 
present  in  tbe  circulation  and  those  which  reach  it  accidentally.  It  is 
obvious  that  the  former  will  meet  with  an  established  mechanism  which 
is  adapted  to  fumish  constantly  some  given  type  of  activity,  varying 
with  the  substance  under  consideration.  '  On  the  other  hand  the  large 
niunber  of  foreign  substances  which  have  been  studied  in  one  way  or 
another,  and  the  still  larger  nimiber  which  we  can  eauly  conceive  of 
obtaining  adventitious  entrance  to  the  maternal  circulation,  must  of 
necessity  meet  a  very  different  condition  because  of  the  lack  of  any 
specific  adaptation  on  the  part  of  the  membrane.  Any  study  of  fordgn 
substances  must  be  secondary  to  the  search  after  the  primordial  reac- 
tions of  the  placenta  to  normal  constituents  of  the  maternal  blood,  but 
nevertheless  these  reactions  may  be  often  studied  to  advantage  by 
methods  which  utilize  such  adventitious  materials. 

Fnnn  the  standpoint  of  the  physical  laws  which  substances  obey  in 
their  relations  to  membranes  they  obviously  fall  into  tbe  following 
groups:  gases,  hquids,  crystalloids  and  colloids.  Nicloux  (13),  in 
reporting  elaborate  observations  on  carbon  monoxide,  concludes  that 
this  gas,  as  well  as  oxygen  and  carbon  dioxide,  follows  exactly  the  laws 
of  gaseous  diffusion  in  traversing  the  placenta.  His  work  on  alcohol 
has  been  referred  to;  his  studies  on  chloroform  and  ether  are  of  equal 
interest  and  importance.  In  the  study  of  crystalloids  there  has  been 
no  work  comparable  to  Nicloux's  on  gases  and  hquids.  Among  the 
better  contributions  on  the  relation  of  colloids  to  the  placenta  are  those 
of  Wertheimer  and  Delezenne  (19)  on  peptones,  Goldman  (8)  on  acid- 
azo-dyes,  Ascoli  (1)  on  albumens,  and  Wertheimer  and  Meyer  (20) 
on  metbenu^lobin. 

It  is  evident  from  this  brief  and  incomplete  outline  of  the  work  that 
has  been  done  that  the  point  of  optimum  attack  for  further  investiga- 
tions must  be  in  the  study  of  fluid  and  salt  interchange  between  the 
mother  and  fetus.  The  information  obtuned  from  a  careful  investiga- 
tion of  this  mechanion,  with  any  method,  must  be  of  great  importance 
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both  directly  and  in  the  study  of  the  more  complex  activities  of  the 
placenta  in  relation  to  the  metabolism  of  proteins,  fats  and  carbohy- 
drates. The  most  fruitful  method  in  the  study  of  the  normal  path- 
ways of  fluid  drainage  is  that  proposed  by  Weed  (17),  and  used  by  him 
to  demonstrate  the  route  followed  by  the  cerebrospinal  fluid  in  drain- 
ing from  the  subarachnoidal  spaces  into  the  great  sinuses.  He  in- 
jected a  solution  containing  0.5  per  cent  each  of  potassium  ferrocyanide 
and  iron  ammonium  citrate  into  the  subarachnoidal  spaces,  and  pre- 
cipitated the  Prussian  blue  in  the  course  of  its  drainage  through  the 
arachnoidal  villi.  Later  Shipley  and  Cunningham  (16)  demonstrated 
the  passage  of  fluid  into  the  veins  and  capillaries  of  the  omentum  by 
withdrawing  that  structure  from  the  peritoneal  cavity  through  a 
midline  incision,  and  immersing  it  in  a  similar  solution.  Many  other 
investigators  have  made  use  of  the  Prussian  bhie  reaction,  but  have 
not  used  the  balanced  solutions  for  the  study  of  fluid  pathways.  It  is 
essential  that  these  solutions  be  practically  balanced  to  avoid  tlie  for- 
mation of  soluble  Prussian  blue  durii^  the  process  of  fixation.  Both 
these  salts  pass  readily  through  blood  vessel  walls,  through  arachnoid^ 
villi,  through  pectinate  villi  and  through  the  kidney.  In  each  of  these 
cases  it  is  probable,  if  not  certain,  that  they  follow  the  normal  direction 
of  fluid  passage. 

When  projected,  the  study  of  these  salts  in  their  relation  to  placental 
permeability  was  intended  to  analyze,  if  possible,  sny  differential 
adaptation  of  parts  of  that  structure  to  the  passage  of  water  and  salts. 
In  the  case  of  these  salts  we  are  dealing  with  substances  which 
are  foreign  to  the  oi^anism,  but  which  offer  the  advantage  of  being 
easily  followed,  not  only  to  their  ultimate  location,  but  in  the  route 
traversed.  A  study  of  the  transmission  of  salts  normally  present 
in  the  maternal  organism  would  be  of  more  value  if  they  could  only  be 
followed  in  their  course  through  the  placenta.  If  by  this  method  any 
information  cui  be  gained  regarding  salt  and  fluid  interchange,  this 
may  be  applied  later  to  considerations  concerning  the  normal  salt 
constituents  of  the  blood.  Starting  with  the  assumption  that  fluids 
pass  easily  from  mother  to  fetus  it  was  hoped  that  the  cellular  media- 
tion could  be  analyzed  in  the  same  way  as  in  the  cerebrospinal  system, 
the  eye  and  in  the  peritoneum.  It  was  a  priori  thought  that  both 
sodium  ferrocyanide  and  iron  ammonium  citrate  would  easily  traverse 
the  placenta,  because  comparable  salts  had  been  shown  to  do  so  with 
ease  by  previous  workers.  Bar  (2)  described  experiments  in  which 
potassium  ferrocyanide  was  injected  into  the  uterine  veins  of  rabbits. 
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and  was  found  after  thirty  tiuDutes  in  the  amniotic  fluid.  If  then  the 
potassium  salt  passes  with  such  ease,  it  seemed  probable  that  the 
resistance  would  not  bo  greater  to  the  less  toxic  sodium  ferrocyanide. 
No  such  comparison  was  possible  in  the  case  of  the  iron  ammonium 
citrate.  However,  certain  oi^anic  salts  have  been  found  to  traverse 
the  placenta;  Porak  (14)  showed  that  potassium  acetate  passed  in 
experiments  on  rabbits,  Zweifel  (21)  used  sodium  salicylate,  admin- 
istered to  women  in  labor,  Fehling  (7)  used  sodium  salicylate  on  rab- 
bits, LauDois  and  Brian  (10)  used  this  same  substance  on  guinea  piga 
and  rabbits,  and  Savory  (15)  used  strychnine  acetate  on  cats,  dogs  and 
rabbits.  It  is  only  by  observii^  the  effects  of  many  different  eaita 
that  we  may  dctennine  any  of  the  laws  governing  the  actual  interrela- 
tion of  salts  and  tissues.  In  the  placenta  it  is  well  known  that  the 
acid>azo-dyes  and  colloidal  metals,  as  well  as  many  other  colloidal 
sols  will  not  pass  from  the  maternal  to  the  fetal  circulations.  From 
this  it  is  clear  that  there  is  a  definite  resistance  offered  to  a  group  of 
substances  whose  molecules  are  large  but  which  have,  as  far  as  we  know 
at  present,  no  other  characteristic  in  common.  These  substances  will 
all  pass  through  capillary  walls,  through  the  lining  of  the  peritoneum 
and  through  the  kidney;  and  they  will  diffuse  into  certain  cells  in  the 
body  while  other  celts  remain  impermeable  to  them.  On  the  other 
hand,  capillary  endothelium  appears  to  be  relatively  impermeable  to 
proteins,  sometimes  completely  so,  while  easily  permeable  to  the  sub- 
stances named  above.  Relative  permeability  is  then  a  certainty  both 
in  tissue  cells  and  in  those  cells  functioning  as  membranes  separating 
body  fluids. 

The  experimental  animals  used  in  the  past  for  these  investigations  on 
placental  permeability  have  been  confined  almost  entirely  to  rate, 
guinea  pigs  and  rabbits.  A  very  few  workers  have  used  dogs,  cats 
and  sheep;  while  many  have  performed  experiments  on  women  in 
labor,  but  few  comparative  studies  have  been  made  usii^  the  same  sub- 
stance in  different  species  of  animals.  Bremer  (5)  calls  attention  to 
this  in  discussing  anatomical  characteristics  of  various  placentae,  and 
suggests  that  many  of  the  conflicting  statements  in  the  Uterature  can 
be  explained  by  the  variations  in  the  animals  used,  and  that  more  prog- 
ress  could  be  made  by  using  a  greater  variety  of  species  in  the  study  of 
any  given  substance.  He  has  studied  the  placentae  in  a  large  group  of 
animals,  in  relation  to  the  problem  of  fetal  excretion,  and  therefore  in 
relation  to  other  organs  which  may  assume  all,  or  at  least  part,  of  the 
excretory  function:  the  pronephros,  the  Wolffian  body  and  the  kidn^. 
He  says: 
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Mammalian  embryos  may  be  divided  into  two  daeeea ;  those  which  retain  (uqc- 
tional  Wolffian  bodies  until  the  kidneys'  are  sufficiently  developed  to  excret^ 
urine,  as  is  the  case  in  birds  and  reptiles,  and  those  in  which  the  Wolffian  bodies 
degenerate  before  the  kidneys  reach  functional  ability.    The  first  class  includes 

the  pig,  sheep  and  cat;  the  second  the  rabbit,  guinea  pig,  man  and  rat 

In  those  animals  without  the  possibility  of  a  continuous  urinary  excretion  within 
the  embryo,  i.e.,  with  an  early  degeneration  of  the  Wolffian  body,  the  placenta  is 
provided  with  an  apparatus  similar  to  that  found  in  the  glomeruli  of  the  Wolffian 
body  or  the  kidney,  thin  plates  of  epithelium  overlying  the  fetal  capillaries. 
These  appear  in  the  placenta  at  about  the  time  when  the  Wolffian  body  conunences 
to  degenerate,  or  in  the  case  of  the  rat,  which  never  develops  mesonephric  glo- 
meruli, at  about  the  time  of  the  normal  development  of  the  glomeruli  in  other 
embryos.  These  plates  continue  and  increase  in  number  till  term.  They  are 
apparently  of  greater  extent  in  animals  whose  embryos  are  provided  with  large 
Wolffian  bodies.  In  the  placentae  of  those  animals  with  a  continuous  embryonic 
urinary  excretion,  similar  plates  are  not  found,  whether  the  placentae  be  of  the 
opposed  or  conjoined  type.  Prom  these  facts  it  appears  that  embryonic  and 
fetal  urinary  excretion  takes  place  wholly  through  the  placenta  in  the  rat,  at 
first  through  the  Wolffian  body  and  later  through  the  placenta  in  the  rabbit, 
guinea  pig  and  man,  but  never  through  the  placenta  in  the  pig,  sheep  or  cat. 
A  knowledge  of  these  differences  should  lead  to  more  intelligent  experiments 
on  the  permeability  of  the  placenta. 

Bremer  does  not  discuss  the  question  of  differential  permeability,  but 
his  observations  are  extremely  interesting  and  important  from  a  phys- 
iological  point  of  view,  and  particularly  emphasize  the  absolute  neces- 
sity of  studying  all  problems  of  embryological  physiology  from  a  com- 
parative viewpoint,  as  variation  in  species  may  be  sufficient  to  produce 
very  conflicting  results.  Bremer's  theory,  founded  entirely  upon 
anatomical  observations,  has  received  but  very  little  real  physiological 
examination;  it  is,  however,  supported  by  the  previous  results  obtained 
by  Krunkenbei^  (9)  who  found  that  substances  which  did  not  pass 
through  the  placenta  in  dogs  and  cats,  but  were  retained  by  the  fetus,  ■ 
found  their  way  easily  into  the  maternal  circulation  in  the  case  of 
guinea  pigs  and  rabbits.  Savory  (15),  on  the  other  hand,  described 
experiments  which  are  contradictory.  He  found  that  strychnine 
acetate  when  introduced  into  canine  fetuses  caused  convulsions  in  the 
mother  in  nine  minutes  and  death  in  twenty-eight.  His  experi- 
ments on  cats  and  rabbits  gave  the  same  results.  Bremer  considers: 
*'....  that  these  modified  plates  have  apparently  become  inactive 
membranes,  through  which  a  purely  physical  osmosis  may  take  place, 
but  which  themselves  may  be  supposed  to  be  physiolo^^ically  inert." 
While  he  applies  his  observations  to  excretion  only,  there  seems  to  be 
no  reason  to  preclude  that  the  permeability  is  equal  in  both  directions 
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for  any  membrane  which  is  physiolo^cally  inert.  Therefore  experi- 
ments dealing  with  maternal  to  fetal  tranamiseioo  in  snimalg  having 
pUtes  must  be  considered  equivalent  to  a  similar  experiment  in  the 
oppoate  direction. 

Goldman  (8)  has  shown  that  trypan  blue  will  not  pass  the  placental 
barrier  in  the  rat,  but  is  easily  excreted  by  the  maternal  kidneys.  In 
some  unpublished  experiments  I  have  found  that  trypan  blue  Intro- 
duced  into  the  circulation  of  rabbit  fetuses  in  a  late  stage  of  gestation, 
was  excreted  by  the  fetal  kidneys,  but  did  not  pass  through  the  pla- 
centa into  the  maternal  circulation.  These  experiments  have  also 
been  performed  on  the  fetuses  of  cats  with  the  same  results.  It  is 
obvious  at  once  that  the  plates  of  the  renal  glomerulus  must  be  diff- 
erent in  their  permeability  from  those  in  the  placenta,  when  measured 
by  this  one  class  of  colloid^  sols.  This  does  not  in  any  way  invahdate 
Bremer's  concluaons  that  these  placental  plates  indicate  the  route  of 
fetal  excretion  and  are  physiolc^cally  inert,  but  prevents  accepting 
the  plates  found  in  the  placenta  as  an  exact  equivalent  of  those  in  the 
kidney. 

Admitting  Bremer's  hypothesis  to  be  substantiated,  only  one  phase 
of  the  general  problem  will  be  settled  because  even  if  certain  species  of 
animals  have  specialized  membranes  which  permit  .the  passage  of 
substances  excreted  by  the  fetus,  still  there  is  the  essential  necessity  of 
the  fetus  receiving  salts,  water  and  foodstuffs  from  the  mother,  and 
these  must  pass  the  placenta  irrespective  of  any  variation  in  species. 
The  problems  still  unanswered  regarding  the  permeability  of  the  pla- 
centa are  innumerable.  They  are  of  vital  interest  both  as  regards  their 
local  and  direct  significance  and  in  their  bearing  on  phenomena  else- 
where in  the  organism.  They  range  from  the  general  problem  of  cell 
permeability  and  the  resistance  of  membranes,  to  special  ability  of  the 
placenta  as  an  organ  to  select,  change  and  even  synthesize  substances 
needed  in  the  fetal  metabolism.  The  placenta  is  a  single  structure 
which  probably  exercises  the  combined  functions  of  many  types  of 
cells,  and  therefore  any  laws  which  may  be  found  governing  its  activi- 
ties will  undoubtedly  be  applicable  in  part  to  other  cells.  But  the 
placenta  differs  so  essentially  in  function  from  any  other  single  tissue 
that  even  those  laws  having  the  most  widespread  application  will 
probably  have  special  significance  here.  As  far  as  is  possible  all  the 
laws  developed  for  single  cells  and  simple  membranes  should  be  applied 
to  the  special  case  of  this  complex  and  more  primitive  structure. 
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The  present  cominuiucatioD  is  the  first  of  a  series  projected,  and 
partly  under  way,  having  as  their  object  the  analysis  of  some  of  the 
more  fundamental  problems  rdating  to  placentaJ  permeabiUty. 

The  plan  has  be^i  to  first  analyze,  by  whatever  methods  are  avail- 
able, the  normal  fluid  and  salt  interchange  and  to  determine  if  pos^ble 
what  forces  are  most  active  in  these  processes.  Then  to  determine  as 
far  as  possible  the  nature  of  the  placenta  as  a  membrane  and  by  what 
means  certain  groups  of  substances  are  excluded  by  it,  while  others  are 
allowed  to  pass;  and  to  ascertain  whether  this  reaction  is  comparable 
to  others  in  the  body  or  peculiar  to  the  placenta  alone.  Finally  it  is 
desired  to  determine  what  rdle  the  placenta  plays  in  the  fetal  meta- 
bolism, and  to  establish  the  nature  of  its  relation  to  each  type  of  sub- 
stance that  must  be  recognized  as  essential  for  the  fetal  nutrition. 

lUTEBIAI^  AND  METHODS 

In  this  attempt  to  analyze  the  fluid  interchange  cats  were  used 
exclufflvely,  and  those  in  a  late  period  of  gestation  were  selected.  The 
entire  series  consisted  of  animals  that  had  passed  the  fortieth  day  of 
pr^nancy.  The  youngest  fetus  in  the  series  measured  78  mm,,  aind 
the  oldest  121  mm.,  crown  rump  diameter.  The  technique  has  been 
uniform  throi^out  except  in  certain  experiments  designed  expressly 
to  test  some  specific  point  arising  in  the  course  of  the  work.  All  ani- 
mals received  balanced  solutions  of  sodium  ferrocyanide  and  iron  am^ 
mouium  citrate,  the  usual  strength  being  1}  per  cent  of  each  salt.  The 
percentage  strength  was  varied  in  some  cases;  these  will  be  mentioned 
in  the  appropriate  place.  Is  all  operations  the  solution  was  admin- 
istered as  an  injection  by  means  of  a  burette  attached  to  a  glass  can- 
nula introduced  into  the  vein  of  the  forearm.  Intratracheal  ether 
anesthesia  was  used  in  the  majority  of  these  experiments,  and  was 
found  entirely  satisfactory.  It  is  welt  known  that  the  cat  maintains 
almost  normal  respiratory  and  circulatory  functions  imder  ether 
anesthesia.  After  establishing  results  which  were  entirely  constant 
for  ether,  controls  were  decerebrated  following  Weed's  (17)  technique, 
and  certain  crucial  experiments  repeated.  The  results  obtained  were 
in  all  cases  exactly  the  same  as  found  in  similar  experiments  under 
anesthesia.  By  this  the  possibiUty  of  any  effect  by  the  anesthetic  on 
the  placenta  was  eliminated,  and  this  was  essential  since  we  know 
from  Nicloux's  (11)  work  that  ether  passes  the  placenta  and  it  m^t 
in  consequence  render  the  placental  membrane  either  more  or  less 
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permeable  to  the  substances  used  in  the  cxperimcDt.  The  salts  were 
weighed  out  and  dissolved  immediately  before  the  cxperimeDt.  They 
were  not  mixed  until  the  cannula  had  been  inserted,  when  they  were 
poured  tc^ther,  and  then  directly  into  a  burette  and  the  injection 
begun.  Both  sodium  ferrocyanide  and  iron  ammonium  citrate  are 
eliminated  very  rapidly  by  the  kidneys,  so  that  acme  method  had  to  be 
devised  in  order  to  keep  the  concentration  of  the  salts  constant  in  the 
blood  stream.  The  method  finally  decided  upon  was  the  preliminary 
interruption  of  the  renal  excretion  by  ligation  of  the  renal  veasels. 
After  this  the  desired  amount  of  the  experimental  solution  was  run  in 
slowly,  and  the  animals  kept  undisturbed  until  sacrificed.  In  order 
to  avoid  the  possibility  of  this  procedure  causing  changes  inblood 
pressure,  experiments  were  performed  to  test  the  effect  of  administer- 
ing these  salts  after  ligation  of  renal  vessels.  Amounts  more  than  double 
those  usually  given  caused  only  a  transient  rise  of  pressure,  so  that  the 
hydrostatic  element  may  be  ruled  out.  This  method  proved  so  satis- 
factory that  it  was  used  entirely,  except  for  a  few  animals  in  which  a 
continuous  injection  was  maintained  throughout  the  entire  experiment 
of  just  enough  solution  of  the  salts  to  keep  them  present  in  the  blood 
stream.  Quantitative  determinations  were  not  made,  but  precipitation 
tests  of  Prussian  blue  in  the  maternal  blood  plasma  were  carried  out  io 
order  to  indicate  the  presence  of  both  salts  in  approximately  the  same 
amounts,  as  in  experiments  done  with  the  preliminary  renal  ligation. 
These  experiments  were  considered  necessary  to  exclude  the  possibility 
of  the  lack  of  excretion  from  the  kidneys  having  an  effect  upon  the 
placenta,  but  the  results  with  the  kidneys  functioning  and  when  ligated 
were  the  same.  Cats  were  exposed  to  varying  doses  for  periods  of 
time  rating  from  ten  minutes  to  ten  hours,  and  were  then  killed. 
The  uterus  was  opened  so  that  the  amniotic  sac  bulged  out,  the  fluid 
carefully  withdrawn  with  syringe  and  needle  to  avoid  contamination, 
and  then  examined  chemically.  The  fetuses  were  removed  and  their 
abdominal  cavities  opened;  whenever  the  bladder  was  distended  it  was 
treated  in  precisely  the  same  manner  as  the  amniotic  sac.  Small  blocks 
of  fetal  kidney  and  placenta  were  fixed  directly  in  Bouin's  fluid,  the 
acetic  acid  in  this  mixture  being  sufficient  to  precipitate  the  Prussian 
blue.  In  the  analysis  of  the  fluids  imder  examination,  solutions  of  ferric 
chloride  and  ferric  sulphate  were  used  to  determine  the  presence  of 
sodium  ferrocyanide,  while  a  ferrocyanide  was  used  to  test  for  the  ferric 
iron.  It  wa.^  found  that  there  ia  sufficient  iron  present  normally  in  fetal 
urine  and  amniotic  fluid  to  yield  a  Prussian  blue  reaction  with  sodium 
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feiTocyanide  and  hydrochloric  acid  whea  allowed  to  stand;  the  test  for 
ferric  iron  was  therefore  read  immediately.  The  exact  details  of  all 
tests  will  be  given  when  the  reports  of  the  histolt^cal  findings  are 
made,  and  need  not  be  considered  further  here.  The  results  of  the 
introduction  of  these  salts  into  the  blood  stream  of  the  hving  fetus  are 
from  a  series  of  experiments,  still  quite  incomplete,  concerning  the 
general  methods  of  fetal  excretion,  and  which  will  be  reported  later. 
8uch  materials  as  bear  upon  the  present  problem  will  be  referred  to 
here.  In  regard  to  the  question  of  the  validity  of  the  tests  given  above 
the  following  experiment  will  indicate  both  the  delicacy  of  the  test 
and  the  certainty  of  finding  our  reagents  in  the  fetal  urine  or  amniotic 
fluid  if  they  had  reached  the  fetal  circulation. 

Cat  P.  P.  tS.  Intratracheal  anesthesia.  Midline  abdominal  incision  with 
exposure  of  uterue.'  One  cubic  centimeter  of  a  solution  containing  1  per  cent 
each  of  sodium  ferrocyanide  and  iron  ammonium  citrate  was  introduced  into  the 
umbilical  vein  of  one  of  the  fetueea,  which  was  removed  after  two  and  a  half 
minutes,  and  the  bladder  exposed.  A  drop  of  acid  added  to  the  fetal  urine  gave 
a  brilliant  blue  color.  Another  fetus  was  exposed  and  the  same  procedure  fol- 
lowed except  that  the  time  interval  in  this  case  was  twenty  minutes.  The  blad- 
der wa-B  found  to  be  contracted,  test  of  the  amniotic  fluid  yielded  Prussian  blue. 
The  fetuses  measured  80  mm. 

It  is  quite  evident  that  the  fetal  kidney  will  very  quickly  eliminate 
both  salts,  and  that  if  the  bladder  has  contracted  after  this  eliminatioo 
has  begun  the  amniotic  fluid  will  show  their  presence.  We  found,  in 
many  of  our  experiments  on  the  fetus,  that  the  bladders  were  empty. 
From  this  it  seems  probable  that  the  increased  flow  of  urine  had  stimu- 
lated them  to  contract.  It  is  evident  that  the  tests  used  were  suffi- 
ciently delicate  to  indicate  any  exchange  of  these  salts  between  mother 
and  fetus  even  when  relatively  small  doses  were  given  to  the  mother  , 
intravenously. 

EXPERIMENTAL     RESULTS 

The  results  of  many  experiments  indicated  that  the  placenta  of  the 
cat  can  be  functionally  divided  into  three  parts  in  regard  to  its  reaction 
to  the  salts  here  used.  Duval  (6),  in  studying  the  histology  of  the 
placenta,  has  described  three  layers  in  the  labyrinth  of  the  cat  during 
later  states  of  gestation:  the  maternal  endotheUum  which  remains 
intact  and  is  included  within  the  invading  trophoblast  of  the  ovum; 

■  The  technique  of  these  operations  will  be  reported  with  the  other  details  on 
embryonic  excretion. 
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the  ectodermal  layer,  which  is  syncitial  in  character ;  and  the  embry- 
onic endothelium  which  lines  the  embryonic  vessela  even  where  they 
penetrate  deeply  into  the  syncytial  ectodermal  layer.  The  maternal 
endothelium  is  everywhere  continuous,  the  cells  being  very  promi- 
nent in  contrast  to  the  thin,  delicate  cells  of  the  fetal  capillaries.  In 
every  experiment  of  the  entire  series  the  reaction  of  the  maternal 
endotheUum  was  precisely  the  same.  No  variation  in  this  reaction 
could  be  discovered  in  any  part  of  the  placenta,  despite  the  fact  that 
certain  areas  showed  more  blue  than  others  on  examination  with  the 
low  power  of  the  microscope.  This  waa  probably  attributable  to  a 
variation  in  the  blood  supply  due  to  mechanical  causes.  Everywhere 
on  histological  examination  the  characteristic  blue  granules  could  be 
seen  both  in  the  bodies  of  the  endothelial  cells  and  lying  between  them 
and  the  ectodermal  layer.  In  exactly  the  same  manner  the  fetal 
endothelium  is  easily  permeable  to  both  salts.  This  passage  takes 
place  very  rapidly  because  in  experiments  of  ten  minutes  duration, 
the  blue  granules  are  found  in,  and  beyond,  the  endothelial  cells.  It 
is  impossible  to  deny  that  the  salts  may  pass  between  the  endothelial 
cells  as  well  aa  through  them,  ^though  there  are  no  granules  pre- 
cipitated in  a  manner  which  would  indicate  this,  as  they  seem  to  be 
equaUy  distributed  throughout  the  entire  extent  of  the  cytoplasm. 
That  they  both  pass  through  the  maternal  endothelium  rapidly  is 
evident  and  that  they  pass  only  throt^h,  and  never  between  these 
cells  is  probable,  but  can  not  be  stated  as  absolutely  proved.  This 
difficulty  is  obviously  met  with  in  any  membrane,  and  has  been  com- 
mented upon  by  Weed  (17)  in  regard  to  the  arachnoidal  viUi;  this  will 
be  referred  to  later.  It  is  probable  then  that  the  maternal  endotheUum 
present  in  the  placenta  has  the  same  d^p-ee  of  permeability  in  regard 
to  these  salts  as  endotheliiuu  elsewhere  in  the  body.  At  least  it  can  be 
asserted  that  they  pass  here  in  the  same  manner,  that  iS;  with  the  same 
histological  distribution  as  was  shown  in  the  veins  and  capillaries  of 
the  omentum  by  Shipley  and  Cutmingham  (16).  The  maternal  endo> 
thelium  is  easily  permeable  to  both  of  these  salts,  the  fetal  endothelium 
is  equally  so,  but  the  fetal  ectoderm  reacts  in  an  entirely  different 
manner.  The  behavior  of  the  ectodermal  layer  permits  the  division  of 
the  experiments  into  two  groups,  relative  both  in  terms  of  permeability 
and  duration  of  time.  In  the  first  group  are  included  experiments  of 
duration  varying  from  ten  minutes  to  four  hours  and  a  half.  In  not 
one  of  these  has  any  trace  of  either  sodium  ferrocyanide  cr  iron  am- 
monium citrate  been  demonstrated  in  amniotic  fluid,  fetal  urine,  or 
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tissue  extract.  And  in  every  case  the  bladders  of  the  fetuses  were 
found  on  removal  to  be  full  of  mine.  In  the  second  are  included  those 
from  five  to  ten  hours  in  duration,  the  latter  being  the  majdmum  of 
the  series.  In  all  the  experiments  in  this  group  traces  of  sodium 
ferrocyanide  were  found  in  the  fetal  urine  or  amniotic  fluid,  but  in  none 
of  them  could  even  the  shghtest  trace  of  the  iron  ammonium  citrate  be 
demonstrated.  The  atnount  of  ferrocyanide  which  had  passed  the 
placenU  was  in  no  case  very  large.  In  experiments  of  from  five  to 
six  hours  only  a  trace  was  found,  this  was  increased  somewhat  in  those 
of  longer  duration,  the  maximum  being  approximately  that  amount 
which  would  be  excreted  by  a  fetus  in  twenty  minutes  it  J  cc,  of  a  1 
per  cent  solution  had  been  injected  intravenously.  In  marked  con- 
trast to  the  fetuses  of  the  first  group,  the  bladders  were  found  in  most 
cases  to  be  contracted  and  entirely  emptied  of  their  urine.  And  in 
eveiy  one  of  these  the  ferrocyanide  could  be  demonstrated  in  the 
amniotic  fluid.  This  interesting  reaction  of  the  fetal  bladder  is  illus- 
trated in  the  following  experiments : 

Col  P.  P.  tS.    9:00  a.m.    latratracheal  ether. 

Each  kidney  delivered  retroperitoneally,  and  the  vessels  ligated. 

Cannula  inserted  into  vein  of  left  forearm  of  mother,  connected  to  burette 
containinB  50  cc.  of  solution  of  1}  per  cent  each  of  sodium  ferrocyanide  and  iron 
anunonimn  citrate. 

9:i0  a.m.    Intravenoua  Injection  begun. 
9:30  a.m.      5  cc.  in. 
9:40  a.m.    10  cc.  in. 
9:S0a.m.    IS  cc.  in. 

tOM  a.m.    20  cc.  in. 

10:10  a.m.    25  cc.  in.    Injection  stopped. 

Animal  in  excellent  condition.  No  change  after  injection  begfui  except  in- 
creased salivation.  The  animal  remained  in  excellent  condition  until  sacri- 
ficed at  3  p.m.  Total  duration  of  experiment,  five  hours  and  forty  minutes.  The 
uterus  was  immediately  removed  and  found  to  contain  three  fetuses  in  the  left 
horn  and  two  in  the  right.  The  uterine  wall  was  incised  over  the  caudal  end  of 
each  fetus  in  such  a  manner  that  the  amniotic  sac  bulged  out  freely;  this  was 
punctured  with  a  needle  and  the  fluid  withdrawn.  Each  fetus  was  removed,  all 
were  noted  to  be  alive.  The  abdominal  walls  were  incised  and  the  urine  removed 
when  present. 

Right  horn  of  uteruM:  Both  fetuses  had  empty  bladders,  the  amniotic  fluids 
contained  a  trace  of  ferrocyanide,  but  no  iron  ammonium  citrate.  They  meas- 
ured 89  mm.  and  92  mm. 

Ltft  horn  of  uteTus:  Fetus  1.  Bladder  full,  but  not  distended.  Urine  nega- 
tive for  ferrocyanide  and  iron  ammonium  citrate.    Measured  91  mm. 

Fetus  2.  Bladder  full,  and  distended.  Traces  of  ferrocyanide  in  urine,  no 
iron  ammonium  citrate.    Measured  90  mm.  . 
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FetuB  3.  Bladder  empty,  trace  of  ferrocyanide  in  amaiotic  fluid ;  no  iron  ammo- 
nium citrate.    Measured  91  nun. 

Cat  P.  P.  18.    9:30  a.m.    Intratracheal  ether. 

Each  kidney  delivered  retroperitoncally  and  the  vessels  ligated. 

Cannula  inserted  into  vein  of  left  forearm  of  mother,  and  connected  to  burette 
containing  SO  cc.  of  solution  of  2  per  cent  each  sodium  ferrocyanide  and  iron 

Intravenous  injection  begun. 


W.-SOa.m.    20  cc.  in. 

10:40  a.m.    25  cc.  in.    Injection  stopped. 

The  only  immediate  effect  of  injection  was  increased  salivation.  Heart  rate 
remained  about  same  throughout. 

0:K  p.m.  10  cc.  of  blood  withdrawn  from  maternal  heart,  centrifuged  imme- 
diately, a  few  drops  of  acid  added,  blue  color  developed. 

e.tOp.m.    Ether  to  death. 

Total  duration  of  experiment,  eight  hours  and  thirty-five  minutes.  The 
uterus  was  removed  and  found  to  contain  four  fetuses,  two  in  each  bora.  The 
uterine  wall  of  each  fetus  was  incised  carefully  and  the  amniotic  fluid  removed 
and  tested.  The  fetuses  removed  and  their  bladders  examined.  In  three,  the 
bladders  were  found  to  be  entirely  empty,  and  the  amniotic  fluid  was  positive  for 
ferrocyanide  and  negative  for  iron  ammonium  citrate.  Id  the  fourth  fetus  the 
bladder  contained  a  single  drop  of  urine  which  gave  a  positive  teat  for  ferro- 
cyanide with  ferric  chloride  and  the  amniotic  fluid  reacted  as  in  the  other  three 
fetuses.  Tests  for  iron  ammonium  citrate  were  negative.  The  fetuses  were  all 
alive  and  measured  80,  82,  84  and  86  mm.  respectively. 

Oq  histological  examination  of  the  placentae  of  animals  subjected 
to  experiments  of  this  type,  the  reaction  of  the  ectoderm  is  most  re- 
markable. In  the  shortest  experiments,  of  duration  less  than  an  hour, 
the  Prussian  blue  is  found  throughout  the  maternal  endothelium  and 
ill  a  fine  blue  line  between  this  layer  and  the  syncytial  ectoderm. 
There  are  no  granules  to  be  seen  any^vhe^o  within  the  ectoderm,  but 
they  are  cloeely  adherent  to  the  outer  border  both  of  the  syncytium 
and  the  inter-capillary  (^ant  cells.  Indeed  these  present  a  most 
remarkable  picture  of  large  round  cells  everywhere  surrounded  by  a 
fine  blue  border,  but  nowhere  can  any  granules  be  seen  within  their 
cytoplasm.  In  experiments  of  longer  duration,  about  two  hours,  blue 
granules  are  to  be  seen  within  the  ectodermal  layer;  these  have  not 
penetrated  far  into  the  cytoplasm  but  tend  to  form  Unes  relatively 
close  to  the  maternal  poles  of  the  ectodermal  nuclei.  This  arrange- 
ment is  very  irregular,  frequently  the  granules  collect  in  small  masses 
instead  of  lines  and  filaments.    In  experiments  of  six,  eight  and  ten 
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hours  duration  there  is  very  little  change  in  the  histological  findings. 
The  blue  granules  are  found  deeper  in  the  cytoplasm  of  the  ectoderm, 
in  some  places  they  are  scattered  ahnost  throughout  the  entire  struc- 
ture. None  can  be  seen  in  the  fetal  endothelium,  or  between  the 
endothelial  cells  and  ectoderm.  Also  the  inter-capillary  giant  cells 
have  absorbed  a  small  amount  of  the  two  salts  so  that  a  few  fine  blue 
granules  are  seen  in  the  peripheral  third  of  the  cytoplasm,  while  the 
rest  of  the  cell  is  entirely  clear. 

The  princip^  advantage  of  the  method  used  in  these  experiments  is 
that,  by  the  precipitation  of  Prussian  blue  in  situ,  it  ia  possible  to 
interrelate  the  results  obtained  by  examination  of  fetal  excretion  with 
the  histolt^caJ  location  of  the  point  at  which  these  results  must  have 
been  detennined.  These  placentae  are  sulBcienty  interesting  to  merit 
a  more  detailed  histolc^cal  description  than  would  be  advisable  here; 
this  will  be  given  later  when  comparative  results  on  other  species  are 
available. 

DISCUSSION 

The  principal  facts  demonstrated  by  these  experiments  are  the 
differences  in  the  permeability  of  the  endothelial  and  ectodermal  layers 
of  the  placenta,  and  the  differences  in  the  resistance  offered  to  the 
two  experimental  salts  by  the  fetal  ectoderm.  It  is  evident  that  the 
placenta  may  be  considered  as  two  protoplasmic  membranes  which 
are  directly  apphed  to  each  other  in  such  a  way  that  they  appear 
anatomically  as  a  single  membrane  separating  the  two  bloods,  but  have 
in  reality  entuiely  different  physiolt^cal  properties. 

In  considering  a  given  living  membrane  we  have  to  deal  with  three 
phases  of  activity,  the  entrance  of  a  substance  into  the  membrane,  its 
passage  through  the  membrane,  and  its  exit  from  the  membrane. 
The  factors  involved  in  each  of  these  may  be  entirely  different,  and 
those  relating  to  one  membrane  may  differ  entirely  from  those  relative 
to  another.  The  simplest  membrane  in  the  organism  is  such  a  one  as 
that  described  by  Weed  (17)  in  the  arachnoidal  villus  where  be  found 
the  exchange  through  the  membrane  to  be  effected  by  a  simple  hydro- 
static filtration;  osmotic  pressure  having  little  or  no  participation. 
That  the  passage  of  sodium  ferrocyanide  through  the  entire  placenta 
is  not  a  simple  filtration  dependent  upon  hydrostatic  pressure  alone,  is 
evident  from  several  experiments  carried  out  expressly  to  determine 
this  point.  After  animals  had  been  exposed  in  the  usual  manner  and 
to  the  usual  dose  of  this  salt,  the  blood  pressure  was  raised  to  a  max- 
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inial  degree  by  the  continued  introduction  of  pbyBiolo^cal  saline  under 
pressure  of  about  500  mm.  of  water.  Despite  this  procedure  no 
variation  in  tbe  passage  of  this  salt  as  previously  determined  in  *"'»"»<■ 
with  normal  blood  pressure  was  noted.  Simple  filtration  by  hydro- 
static pressure  can  therefore  be  considered  as  a  n^igible  factor. 

It  is  evident  that  all  materials  necessary  for  the  nutrition  of  cells 
and  all  products  of  cell  metabolism  that  either  come  from  the  blood 
stream  or  are  eUmluated  by  it,  must  pass  through  the  caiuUary  wall. 
Therefore  the  endothelial  membrane  must  be  permeable  to  water, 
salts  and  even  to  some  colloids,  since  some  of  the  substances  included 
above  are  in  that  state.  This  remarkable  d^pw  of  permeability  dkown 
by  c&pillary  endothelium  has  been  explained  in  various  ways.  It  has 
been  suggested  that  the  endothelial  cells  are  capable  of  separating 
fnnn  each  other  and  allowing  large  molecules,  as  well  as  small,  to  pus 
throi^h  by  simple  filtration.  Others  have  thought  that  the  inter- 
cellular cement  substance  is  physiolo^cally  inert  and  contains  large 
pores  through  which  diffusion  of  colloids  may  take  place.  The  other 
possibility  is,  that  the  endothelial  cells  are  constructed  in  such  away 
that  their  cytoplasm  is  permeable  to  large  molecules.  The  nature  of  . 
the  mechanism  by  which  permeability  is  regulated  still  rmuuns  un- 
settled; Bayliss  (4)  after  reviewing  many  observations  at  variance  with 
each  other  concludes  that: 

Different  views  ore  beld  as  to  that  property  of  a  membrane  which  makes  It 
permeable  to  some  solutes  and  impermeable  to  others.  Reasons  are  giren  in 
tbe  text  for  accepting,  with  some  modifications,  the  original  sieve  tbeoiy  of 
Traubc,  according  to  which  the  passage  of  a  solute  through  a  particular  mem* 
brane,  depends  on  the  siie  of  the  pores  in  the  membrane  in  relation  to  the  molecu- 
lar, or  particulate,  dimensions  of  the  solute.  The  hydration  of  Bolut«s  must  be 
taken  into  account.  In  a  few  cases,  the  question  of  solubility  in  the  substance 
of  the  membrane  appears  to  play  a  part. 

That  capillary  endothelium  is  permeable  to  both  iron  ammonium 
citrate  and  sodium  ferrocyanide  has  been  shown  in  tbe  case  of  tbe 
omentum  by  Shipley  and  Cunningham  (16).  Tbe  forces  involved  in 
tbe  passage  of  these  salts  through  the  maternal  endothelium  of  the 
placenta  are  probably  no  different  from  those  operative  in  the  case  of 
any  other  capillary  wall.  That  osmosis  and  diffumon  are  tbe  most 
important  is  assured,  but  that  other  factors  are  involved  is  ^own  by 
the  observations  that  substances  can  be  absorbed  from  the  p^toneal 
cavity  against  osmotic  pressure  and  concentration  gradient,  and  like- 
wise substances  can  be  secreted  by  tbe  kidney  under  similar  circum- 
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stance.  While  these  factors  are  not  yet  entirely  understood  they  are 
expired  in  terms  of  n^ative  osmose,  which  in  turn  is  explunedin 
terms  of  electro-endosmose,  or  the  pull  of  a  charged  particle  through 
a  membrane  pore  by  an  opposite  chai^  on  the  membrane  (Bartell 
and  Hocker  (3)).  The  experimeni«  in  this  series  do  not  assist  in  analys- 
ing the  factors  pertaining  to  the  permeability  of  the  maternal  endo- 
thelium, and  therefore  of  endothelium  in  general,  except  that  they 
show  conclusively  the  passage  of  these  salts  through  the  cytoplasm  of 
the  cells. 

We  have  seen  that  both  sodium  ferrocyanide  and  iron  funmonium 
citrate  penetrate  the  ectodermal  layer  in  about  two  hours,  while  the 
majority  of  cells  in  the  mammalian  organism  appear  to  be  semi-per- 
meable as  r^ards  these  salts,  even  when  exposed  to  them  for  much 
greater  periods  of  time.  So  that  the  limiting  membrane  of  the  fetal 
ectoderm  must  diEFer  in  its  normal  permeability  from  the  limiting  mem- 
brane of  cells  in  general.  The  differences  in  structure  or  composition 
between  membranes  permeable  to  certain  crystalloids  and  others  semi- 
permeable to  them,  are  as  yet  unknown.  Whether  other  factors  than 
oamosis  and  diffusion  are  concerned  in  the  penetration  of  the  ecto- 
dermsJ  membrane  can  not  now  be  stated.  When  we  consider  the 
passf^  of  these  substances  through  the  cytoplaran  and  the  exit  of  one 
while  the  other  is  retained,  other  factors  must  be  conadered.  After 
about  five  hours  the  sodium  ferrocyanide  passes  through  the  cell 
membrane  adjacent  to  the  fetal  capillaries  and  can  be  detected  very 
quickly  in  the  fetal  urine.  At  this  time  tests  (ail  to  reveal  any  citrate 
as  having  passed  through,  nor  do  experiments  of  several  hours  longer 
duration  yield  different  results.  It  is  evident,  therefore,  if  these  tests 
are  sufficiently  accurate,  that  no  citrate  has  been  able  to  pass  out  of 
the  fetal  ectoderm  despite  the  fact  that  it  has  unquestionably  entered 
it.  The  rate  at  which  sodium  ferrocyanide  passes  through  the  placenta 
is  extremely  slow  in  comparison  with  its  pass^e  through  other  living 
membranes  which  have  been  studied.  While  this  does  not  prove,  it 
certainly  suggests  that,  other  factors  than  osmotic  pressure  and  diffu- 
sion are  involved.  It  is  possible  however,  to  conceive  that  the  ecto- 
derm is  so  difficultly  permeable  to  sodium  ferrocyanide  that  we  are 
actually  measuring  the  normal  time  element  of  its  diffuaon,  in  other 
words,  the  ratio  of  osmotic  pressure  to  the  resistance  of  membrane. 
The  detennination  of  the  osmotic  pressure  of  the  maternal  and  fetal 
bloods  would  be  of  great  assistance  in  indicating  how  much  salt  ex- 
change depends  on  this  factor.    Such  determinations  have  not  been 
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donn.  It  is  evident  that  if  an  osmotic  balance  is  maintained  this 
exchange  would  be  easier  than  if  the  presence  of  metabolic  products 
in  the  fetus  should  have  raised  the  pressure  on  that  side;  but  it  is 
possible  to  conceive  that  even  if  the  osmotic  pressure  in  the  fetal  blood 
is  equal  to,  or  lower  than  in  the  maternal  blood,  the  retardation  of  the 
passage  of  sodium  ferrocyanide  might  be  caused  by  an  unstable  com- 
bination with  intracellular  compounds;  on  the  other  hand,  if  the  fetal 
pressure  be  proved  to  be  higher,  some  activity  comparable  to  that  of 
secretion  must  be  postulated. 

We  can  conclude  much  more  surely  that  other  factors  than  osmosis 
and  diffusion  are  operative  in  regard  to  the  peculiar  action  of  the  ecto- 
derm^ membrane  toward  the  iron  anmionlum  citrate,  because  both 
the  ferrocyanide  and  citrate  are  known  to  diffuse  through  many  dif- 
ferent membranes  at  approximately  equal  rates.  Of  course  it  must  be 
admitted  that  we  haVe  not  excluded  the  possibility  of  the  citrate  pass- 
ing through  the  ectodermal  layer  if  exposed  for  a  longer  period  of  time. 
In  this  case  we  would  be  forced  to  conclude  either  that  some  intra- 
cellular  activity  had  delayed  the  citrate  loiter  than  the  ferrocyanide, 
or  that  the  fetal  surface  of  the  ectoderm  was  much  more  ea^y  per- 
meable to  ferrocyanide  than  to  the  citrate,  and  consequently  different, 
not  only  from  many  other  living  membranes,  but  also  from  the  mater- 
nal side  of  the  ectoderm.  On  the  other  hand,  if  longer  experiments 
substantiate  those  of  six,  eight  and  ten  hours  duration,  we  arc  forced 
to  the  conclusion  of  some  even  more  radical  change  taking  place  within 
the  fetal  ectodermal  layer.  Two  possibilities  may  be  mentioned, 
although  it  is  evident  that  both  are  entirely  without  experimental 
evidence.  First,  it  is  conceivable  that  some  substance  present  in  the 
cell  prevents  the  further  passage  of  the  citrate  by  a  specific  adsorption. 
Second,  as  many  organic  acids  and  salts  of  organic  acids  areclumged 
and  broken  down  in  the  metaboUsm  of  the  animal  body,  it  is  therefore 
quite  possible  that  the  ectodermal  syncytium  is  capable  of  breaking 
down  iron  ammonium  citrate  into  substances  no  longer  detectable  by 
our  tests,  which  were  after  all  only  capable  of  demonstrating  the  pres- 
ence of  ferric  iron.  It  should  certainly  prove  feasible  to  devise  meth- 
ods for  determining  whether  this  salt,  and  perhaps  many  other  salts  of 
organic  acids,  can  be  decomposed  in  the  fetal  ectoderm.  We  have  con- 
sidered 80  far,  in  endeavoring  to  explain  the  results  of  our  experiments, 
the  effects  that  the  tissues  involved  may  have  had  upon  the  salts  intro* 
duced;  but  it  is  necessary  to  consider  also  what  effect  the  salts  may 
have  had  upon  the  tissues.    While  the  death  of  the  cell  after  exposure 
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to  these  salts  can  be  easily  determiued  by  the  brilliant  blue  staining  of 
the  nucleus,  minor  injuries  do  not  produce  any  change  which  can  be 
recognized  in  histological  preparations.  In  general  it  is  known  that 
permeability  of  cells  is  increased  by  injury;  if  then  the  ectodenn  has 
been  changed  by  these  salts  we  must  conclude  that  it  is  normally 
semi-permeable  to  them.  But  it  is  extremely  difficult  to  understand 
how  one  of  these  salts  can  be  retained  and  the  other  pass  out  into  the 
fetal  blood,  if  they  c^n  not  penetrate  the  ectoderm  until  they  have 
injured  it  in  some  degree.  Admitting  that  it  is  injured,  the  results 
which  have  been  obtained  can  only  be  explained  in  one  of  two  ways: 
either  the  injury  is  insufficient  to  destroy  the  activity  which  prevents 
the  passage  of  the  citrate,  or  else  this  function  is  a  chemical  reaction 
developed  as  the  result  of  the  injury.  These  explanations  are  both 
rather  improbable,  so  that  it  seems  more  likely  that  the  degree  of  injury 
is  slight.  Whether  or  not  longer  exposure  to  these  salts,  and  particu- 
larly to  the  citrate,  would  depress  the  cell  activities  enough  to  allow 
the  citrate  to  pass  through  is  entirely  problematical  and  need  only  be 
stated  here  as  a  possibiUty.  Finally,  it  is  worth  while  to  consider 
what  bearing  these  experiment*  have  upon  the  theory  advanced  by 
Bremer  and  referred  to  before.  According  to  his  theory  excretory 
products  of  fetal  metabolism  in  the  cat  do  not  pass  through  the  pla- 
centa, but  are  excreted  by  the  fetal  pronephros.  Wolffian  body  or  kid- 
n^,  as  the  case  may  be.  Since  the  fetal  as  well  as  the  adult  kidney 
excrete  both  of  these  salts  very  rapidly,  i.e.,  within  two  or  three  min- 
utes, and  since  it  requires  five  hours  for  one  of  them  to  pass  the  pla- 
centa, it  seems  strong  evidence  that  his  interpretation  of  the  absence 
of  placental  excretion  in  the  cat  is  correct.  Although  still  quite  incom- 
plete, the  work  on  the  excretion  of  the  embryo,  referred  to  above, 
also  substantiates  Bremer's  view  as  far  as  the  cat  is  concerned. 
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It  has  recently  been  pointed  out  by  the  author  (1)  that  the  appar- 
ently contradictory  views  as  to  the  mode  of  action  of  Cd  on  the  mam- 
malian respiratory  center  expressed  on  the  one  hand  by  Winterstein 
(2),  Hasselbalch  and  Lundsgaard  (3),  (4)  and  others,  and  on  the  other 
by  Laqueur  and  VcrzAr  (5),  Hooker,  Wilson  and  Connet  (6)  and  Scott 
(7)  are  not  necessarily  in  conflict.  Carbonic  acid  may  conceivably, 
like  any  other  acid,  act  primarily  through  its  hydrogen  ions,  as  the  first 
group  of  workers  have  held,  and  yet  differ  so  greatly  from  other  acids 
in  certain  pecuharities  connected  with  its  powers  of  penetrating  living 
cells  as  to  have  practically  as  specific  an  action  as  that  postulated  by  the 
second  group. 

One  of  the  most  interesting  of  these  peculiarities  is  the  relatively 
small  importance  of  the  hydrogen  ion  concentration  of  a  solution  con- 
taining carbon  dioxide  in  determining  the  degree  of  intracellular  acidity 
produced  in  a  cell  exposed  to  it.  The  author  has  already  called  atten- 
tion to  the  fact  that  a  neutral  or  even  a  slightlj'  alkaline  COs-bicar- 
bonatc  mixture  is  practically  as  toxic  to  tadpoles  as  a  pure  COj  solution 
of  the  same  concentration,  and  that  such  a  solution  has  a  sour  taste. 
He  has  interpreted  these  results  as  being  due  to  the  fact  that  the 
HiCOj,  whose  dissociation  is  held  in  check  by  the  bicarbonate,  can 
frtfely  enter  cells  (perhaps  £is  COj),  wliile  the  bicarbonate  cannot,  the 
carbonic  acid  dissociatii^  when  within  the  cells  to  the  extent  per- 
mitted by  the  new  conditions  of  equilibrium  prevaihng  there,  which 
may  easily  result  in  a  hydrogen  ion  concentration  higher  than  that  of 
the  surroundii^  medium. 

While  the  observations  already  recorded  have  probably  been  cor- 
rectly interpreted,  it  has  seemed  desirable  to  supplement  them  with  a 
case  where  the  rise  in  intracellular  acidity  under  the  conditions  in  ques- 
467 
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tion  is  actually  visible  to  the  eye.  Such  a  case  raight  be  furniBhed  by  a 
cell  containiog  a  sufficiently  sensitive  natural  indicator  whose  color 
changes  would  give  visible  evidence  of  any  increase  in  the  hydrogen 
ion  concentration  within  the  cell.  After  a  rather  lengthy  search,  ma- 
terial of  this  character  has  been  found  in  the  colored  flowers  of  Symphy- 
tum peregrinum,  a  cultivated  plant  belonging  to  the  family  Boraginaceae. 
These  flowers,  like  those  of  many  other  members  of  the  family,  are 
pink  in  the  bud,  later  becoming  blue;  the  former  color  is  associated  with 
a  higher,  the  latter  with  a  lower  hydrogen  ion  concentration.  The  exact 
pH  of  the  turning  point  has  not  been  determined,  but  ia  within  the 
range  of  carbonic  acid  solutions. 

The  use  of  colored  flowers  to  study  cell  penetration  by  acids,  though 
Haas  (S)  obtained  good  results  with  this  method,  has  not  been  very 
much  favored  in  the  past  because  of  the  fact  that  such  cells  are  generally 
cuticularized  and  are  not  readily  wetted  by  aqueous  solutions.  In  the 
present  case,  however,  it  was  foxmd  that  if  the  end  of  the  tubular  corolla 
were  snipped  off  with  a  pair  of  scissors  and  the  whole  flower  were 
then  slipped  over  the  tapering  end  of  a  glass  rod  which  could  be  dropped 
into  a  test-tube  containing  the  solution  to  be  studied,  the  change  in 
color  appeared  quickly  and  regularly  and  could  easily  be  followed, 
especially  along  the  "ribs"  correspondng  to  the  attachment  of  the 
stamens,  and  at  and  above  the  depressions  wliich  are  found  at  the 
points  of  attachment  of  the  "corolla  scales."  To  observe  the  change 
in  color,  a  hand  lens  was  used,  though  even  with  the  naked  eye  the 
results  were  easily  visible.  For  example,  the  difference  between  a 
flower  exposed  to  a  saturated  solution  of  COj  and  one  kept  in  distilled 
water  was  usually  apparent  in  five  minutes  at  a  distance  of  five  or  six 
feet.  The  change  in  color  with  weak  solutions  of  acids  always  b^an 
on  the  "ribs"  and  above  the  depressions  mentioned,  and  gradually 
spread  from  them  to  other  parts  of  the  flower. 

As  a  considerable  number  of  similar  experiments  with  this  material 
all  gave  essentially  the  same  results,  it  will  be  suflScient  to  describe  a 
typical  one.  Four  flowers  from  the  same  plant,  as  nearly  alike  in 
color  as  possible,  were  selected.  The  first  was  exposed  to  a  satu- 
rated solution  of  COj  in  distilled  water  (pH  approximately  3.8) ;  the 
second  to  pure  distilled  water  of  pH  between  5.0  and  6,0  (the  sli^t 
acidity  being  due  to  COs  absorbed  from  the  air) ;  the  third  to  an  M/2 
solution  of  NaHCOi  saturated  with  COa  at  atmospheric  pressure  and 
having  a  pH  of  ca.  7.4,  and  the  fourth  to  an  M/2  solution  of  NaHCOi 
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conaderably  more  alkaline  than  pH  8.0.  The  course  of  the  experi- 
ment may  be  indicated  most  clearly  in  tabular  form  as  shown  in 
table  1. 

It  will  be  observed  that  the  increase  in  acidity  of  the  cells  was  not 
proportional  to  the  pH  of  the  external  medium,  since  those  exposed  to 

TABLE  t 
Color  changes  in  flowers  of  Symphytum  exposed  to  various  soltitiona 


T.-. 

(1) 

DTBTILLID  W1T»H  +  CO. 

(21  nimniiD 

(3)  1./2  N.HCO.  +  CO, 

(1)  M/i  N.ncoi 

11:20* 

Blue 

Blue 

Blue 

Blue 

11:21 

Pink  colon  appear- 
iQg      on       lower 
"ribs"  and  above 
depressions 

No  change 

Pink  color  appear- 
ing      on       lower 
"ribs"  and  above 
depressions 

No  change 

11:23 

Upper    "ribs"    be- 
coming pink 

No  change 

Upper    "riba"    be- 
coming pink 

No  change 

11:25 

Pink  spreading  lat- 
erally from  lower 
"ribs' ■ 

No  change 

Pink  spreading  lat- 
erally from  lower 

"ribs" 

No  change 

11:27 

Lower    portion     of 
flower  mostly  vio- 
let    with      pink 

"riba" 

No  change 

Lower    portion     of 
flower  mostly  vio- 
let     with      pink 
"ribs" 

No  change 

11:31 

Upper     portion     of 
flower  shows  con- 
siderable pink  and 
violet  outside   of 
"ribs" 

No  change 

Upper    portion     of 
flower  shows  less 
violetthan(l)but 
"ribs"  are,  if  any- 
thing, pinker 

No  change 

!l:38 

About  the  same 

No  change 

About  the  same 

No  change 

11:45 

Same 

No  change 

Same 

Becoming 
slightly  bluer 
than  (2) 

1:05 

Same 

No  change 

Slightly  bluer  than 
before    but    still 
pinker  than  (2) 

Beginning     to 
turn  greenish 

2:30 

Same 

No  chaise 

About  the  same  as 
(2) 

greenish 

•Started. 

the  slightly  akaline  COr-bicarbonate  mixture  became  distinctly  acid, 
while  those  in  the  distilled  water  with  a  hydrogen  ion  concentration 
perhaps  one  hundred  times  as  great  did  not.  There  was  also  com- 
paratively little  difference  (up  to  the  time  when  the  bicarbonate  finally 
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began  to  penetrate)  between  the  two  solutions  saturated  with  COi, 
though  the  concentration  of  hydrogen  ions  in  the  one  was  approximately 
four  thousand  times  that  in  the  other.  Evidently,  therefore,  the  neu- 
trality or  slight  alkalinity  of  a  solution  does  not  rule  out  the  possibility 
of  decided  effects  of  hydrogen  ions  where  COj  is  one  of  the  substances 
concerned,  and  the  stimulation  of  the  mammalian  respiratory  center  in 
Scott's  (7)  experiments  by  blood  of  pH  7.6  would  not  necessarily  be  in 
conflict  with  the  orthodox  view  of  the  r61e  of  hydrogen  ions  in  this 
process. 

It  may  perhaps  be  of  interest  to  show  that  the  effects  of  COi  on  liv- 
ing cells  here  described  may  be  imitated  by  a  simple  model  whose 
construction  depends  on  the  fact  that  COj  is  freely  soluble  in  xylene 
(as  well  as  in  other  lipoid  solvents  and  lipoids)  while  NaHCOj  is  not. 
The  "cell"  is  made  as  follows.  A  small  "shell  vial,"  10  by  35  mm., 
is  filled  to  within  4  mm.  of  the  top  with  a  solution  of  phenolsulpho- 
nephthalein  made  very  slightly  alkaline  by  the  addition  of  a  trace  of 
NaHCO*.  It  is  next  filled  level  full  with  xylene  (from  which  the  COj, 
if  necessary,  has  been  removed  by  allowing  it  to  stand  in  contact 
with  an  aqueous  Ba(OH)i  solution,  and  the  escape  of  the  xylene  is 
then  prevented  by  the  following  simple  expedient.  A  test  tube  is 
dipped  into  a  fairly  thick  celloidin  solution  and  the  film  which  closes 
its  mouth  on  removal  is  immediately  pressed  over  the  opening  of  the 
vial  to  which  it  adheres  as  a  thin  transparent  covering,  freely  perme- 
able to  salts,  acids,  etc.,  but  preventing  the  loss  of  the  xylene  when  the 
"cell"  is  immersed  in  water.  The  vials  as  thus  prepared  are  kept 
until  needed  in  an  upright  position  in  water.  In  some  cases  cotton- 
seed oil  was  used  in  place  of  xylene  with  essentially  similar  results, 
though  it  is  less  convenient  to  work  with,  and  results  are  obtained 
more  slowly  with  it  than  with  xylene. 

A  typical  experiment  with  "artificial  cells"  was  the  following.  The 
solutions  used  were  the  same  as  those  studied  with  the  Symphytum 
flowers,  namely,  distilled  water  saturated  with  COj,  distilled  water, 
M/2  NaHCO,  saturated  with  COj,  and  M/2  NaHCO,.  With  the  dis- 
tilfed  water  and  NaHCOj,  there  was  no  change  in  the  color  of  the  indi- 
cator; with  the  two  solutions  containing  CO3,  though,  as  before,  the 
actual  hydrogen  ion  concentration  of  the  one  was  perhaps  four  thou- 
sand times  as  great  as  that  of  the  other,  there  was  an  approximately 
equal  rate  of  change  in  color  of  the  red  indicator  solution  to  a  bright 
yellow.     In  both  cases,  the  change  began  to  be  visible  within  two 
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minutes  and  was  complete  in  about  an  hour  and  a  half.  The  line  of 
demarcation  between  the  red  and  the  yellow  portions  of  the  solution 
was  very  sharp,  especially  at  first. 

The  result  of  one  alkaline  solution  turning  acid  when  placed  in 
another  alkahne  solution  is  a  rather  striking  one.  In  this  case  it  evi- 
dently  depends  on  the  relative  solubilities  of  COi  (and  perhaps  HjCOj), 
on  the  one  hand,  and  of  NaHCOj  on  the  other,  in  lipoids  and  lipoid 
solvents.  In  living  cells  there  is  frequently  a  close  correlation  between 
the  lipoid  solubility  of  substances  and  their  powers  of  penetration. 
Without  at  all  postulating  a  lipoid  membrane  in  Overton's  original 
sense,  it  is  nevertheless  possible  that  the  relative  solubilities  of  the 
substances  concerned  in  (he  lipoid  and  aqueous  phases  encountered  in 
the  structure  of  a  typical  cell  may  have  much  to  do  with  the  physio- 
logical behavior  of  COi-bicarbonate  mixtures. 

In  connection  with  the  points  already  mentioned,  it  is  of  interest 
to  compare  the  penetrating  powers  of  COj  with  those  of  other  acids, 
particularly  those  which,  from  the  results  of  previous  workers,  appear  to 
enter  living  cells  with  the  greatest  readiness.  Such  a  comparison  was 
in  progress  at  the  time  when  a  severe  storm  put  a  temporary  end  to  the 
available  supply  of  Symphytum  flowers.  Reserving,  therefore,  for  a 
subsequent  paper  the  details  of  the  work  already  done  and  certain 
points  requiring  further  elucidation,  it  may  be  said  briefly  that  of  all 
of  the  acids  studied  (carbonic,  benzoic,  salicylic,  valeric,  butyric,  acetic, 
sulphuric  and  hydrochloric),  carbonic  is  by  far  the  most  effective  when 
pure  solutions  of  &iual  pH  are  compared,  in  causing  a  visible  chaise  in 
intracellular  acidity.  For  example,  with  a  solution  saturated  with 
COj  at  ordinary  temperatures,  a  visible  change  in  color  usually  begins 
in  one  or  two  minutes,  while  with  the  acids  next  in  the  order  of  their 
efifectiveness  (benzoic  and  valeric)  fifteen  to  thirty  minutes  are  required, 
with  butyric,  acetic  and  salicylic  acids  following  in  the  order  named. 
The  mineral  acids  are  only  very  slightly  effective. 

These  results,  as  far  as  the  acids  other  than  carbonic  (which  appar- 
ently has  not  yet  been  studied  in  this  manner)  are  concerned,  agree  fairly 
well  with  the  findings  of  Haas  (8)  and  of  Colletl  (9)  and  also  with  the 
observation  of  the  author  (I)  that  tadpoles  are  fatally  injured  in  satu- 
rated COt  solutions  in  two  or  three  minutes,  while  in  solutions  of  other 
acids  of  the  same  pH,  from  one  to  several  hours  are  required  to  produce 
the  same  result. 

If  carbonic  acid  be  compared  with  other  acids  of  the  same  normality 
instead  of  the  same  pH,  it  appears  far  down  the  list,  as  would  be  ex- 


,v  Google 


462  U.   H.  JACOBS 

pected,  not  because  it  docs  not  enter  cells  readily — for  there  is  much 
evidence  that  it  does — but  because,  on  account  of  its  weakness  (i.e.,  its 
low  degree  of  dissociation),  it  is  necessary  for  so  much  more  of  it  to  enter 
the  cell  before  a  change  in  the  color  of  the  indicator  can  occur  than  in 
the  case  of  the  more  strongly  dissociated  acids. 

One  further  point  may  be  noted.  If  a  solution,  e.g.,  N/10,  of  NaOH 
have  various  acids  added  to  it  (in  as  concentrated  a  form  as  possible  to 
avoid  dilution)  until  the  point  of  neutrahty,  as  shown  by  phenolsul- 
phonephthalein  is  reached,  there  should  at  this  point,  in  the  case  of 
fairly  strong  acids,  be  practically  no  free  acid  present,  while  in  the  case 
of  a  weak  acid  like  HtCOi,  there  should  be  a  considerable  amount. 
This  difference  may  easily  be  made  visible  in  the  case  of  carbonic  and 
other  lipoid-soluble  acids,  such  as  benzoic,  salicylic  and  butyric,  by 
using  the  "artificial  cells"  already  described.  In  one  such  experiment 
where  the  solutions  were  all  neutral  and  N/10  with  respect  to  total  base, 
the  indicator  solution  within  the  vial  began  to  change  color  in  three 
minutes  with  carbonic  acid,  while  with  butyric,  benzoic  and  salicylic 
acids  (all  of  which  are  highly  effective  with  the  "artificial  cells"  in  the 
free  form  on  account  of  their  solubility  in  xylene)  no  change  had  occurred 
in  three  hours.  Had  the  water  used  been  so  free  from  COj  as  to  make 
possible  the  use  of  an  indicator  solution  with  a  lower  buffer  value,  the 
effect  of  the  smaller  amounts  of  the  other  acids  could  probably  have 
been  detected  as  well,  but  as  the  experiment  was  not  intended  to  be 
accurately  quantitative,  but  merely  to  show  that  a  very  considerable 
difference  exists  between  carbonic  and  the  other  acids,  it  was  not  con- 
sidered necessary  to  take  this  precaution. 

As  the  final  conclusion  to  be  drawn  from  the  various  experiments 
described  in  this  paper,  which  have  been  made  partly  on  living  plant 
cells  and  partly  on  a  simple  "artificial  cell,"  it  may  be  stated  that  the 
physiological  behavior  of  COi  probably  depends  to  a  considerable  ex- 
tent on  two  of  its  chemical  and  physical  peculiarities:  a,  the  weakness 
of  HiCOj  as  an  acid,  permitting  the  existence  of  a  relatively  large 
amount  of  the  free  but  undissociated  acid  (as  well  as  dissolved  COi) 
in  the  equilibrium  that  exists  at  neutrality  or  slight  alkalinity;  and  h, 
the  readiness  with  which  the  undissociated  acid,  or  its  anhydride,  COt, 
enters  living  cells,  perhaps  in  virtue  of  its  lipoid  solubiUty.  The  com- 
binalion  of  these  two  peculiarities  is  responsible  for  certain  of  the 
remarkable,  and  in  some  respects,  unique,  physiological  properties  of 
carbon  dioxide. 
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1.  It  has  been  found  that  the  flowers  of  Symphytum  peregrinum 
contain  a  natural  indicator  sensitive  to  carbonic  acid,  which  may  be 
used  to  study  cell  penetration  by  COj. 

2.  Using  this  material,  it  appears  that  a  condition  of  intracellular 
acidity  can  be  produced  by  a  slightly  alkaline  solution  of  COj  in  M/2 
NaHCOi  almost  as  effectively  as  by  a  solution  of  COj  in  distilled  water, 
though  the  hydrogen  ion  concentration  of  the  latter  solution  is  approxi- 
mately four  thousand  times  as  great  as  that  of  the  former. 

3.  A  similar  result  may  be  obtained  by  the  use  of  an  "artificial  cell" 
whose  construction  is  described. 

4.  From  pure  aqueous  solutions  of  acids  of  the  same  pH,  carbonic 
acid  changes  the  color  of  Symphytum  flowers  more  quickly  than  do 
any  of  the  other  acids  studied. 

5.  The  abihiy  of  neutral  and  sightly  alkaline  solutions  containing 
COt  to  produce  intracellular  acidity  is  probably  due  to  at  least  two 
factors:  a,  the  weakness  of  HiCOi  as  an  acid  and  b,  the  lipoid  solu- 
bility of  COt  or  HsCOi  or  both,  and  the  lack  of  such  solubility  in  the 


case  of  bicarbonates. 


BIBLIOGRAPHY 


(1)  Jacobs:  This  Journal,  1920,  li,  321. 

(2)  Wintkhbtiiin;  PflUger'a  Arch.,  1911,  csxxriii,  167. 

(3)  Hassblbalch  and  Ldndbqaabd:  Biochem.  Zeitechr.,  1912,  kxx 

(4)  Habselbalch:  Biochem.  Zeitschr.,  1912,  xlvi,  403. 

(5)  Laqoeor  and  Verzak:  PflUger's  Arch.,  1912,  cxiiii,  305. 

(6)  HooKBB,  Wilson  and  Connbt:  This  Journal,  1917,  xliii,  351. 

(7)  Scott:  TUb  Journal,  1018,  xlvii,  43. 

(8)  Haas:  Joum.  Biol.  Chem.,  1016,  xxvii,  226. 

(9)  Collett:  Jouni.  Exper.  Zool.,  1919,  xxix,  443. 


,v  Google 


THE  EFFECT  OF  SALT  INGESTION  ON  CEREBRO-SPINAL 

FLUID  PRESSURE  AND  BRAIN  VOLUME 

FREDERIC  E.  B.  FOLEV  and  TRACY  JACKSON  PUTNAM 

From  the  Laboratory  for  Surgical  Research,  Harvard  Medical  School 

Received  tor  publication  July  6,  1920 

Recently  Weed  and  McKibben  (I),  (2)  demonstrated  the  important 
physiological  fact  that  it  is  posaibie  to  reduce  the  cerebro-spinal  fluid 
pressure  and  diminish  the  bulk  of  the  brain  by  the  simple  procedure  of 
injecting  a  hypertonic  solution  into  the  blood  stream.  Dr.  Har\'ey 
Cushii^,  appreciating  the  cbnical  possibilities  of  this  discovery,  was  led 
to  suggest  the  present  study  on  the  following  speculations: 

It  is  common  knowledge  that  people  who  Buffer  from  headaches  sugge^tiDg 
"tension  headaches"  may  get  relief  by  a  thorough  intestinal  evacuation,  par- 
ticularly when  this  is  accomplished  by  salines.  This  ha?  led  to  the  view  that 
constipation  in  itself  is  provocative  of  such  discomforts.  It  would  be  of  pro6t 
to  repeat  the  obaervationa  of  Weed  and  McKibben  and  then  attempt  to  accom- 
plish the  same  results  by  giving  the  hypertonic  saline  by  mouth  instead  of  intra- 
■  venously.  It  seems  possible  that  the  withdrawal  of  fluid  from  the  blood  may 
increase  its  salt  content  sufficiently  to  cause  the  same  result  but  without 
actually  introducing  salt  into  the  blood  stream.  The  fact  established  by  Weed 
and  McKibben  might  be  adaptable  to  certain  cranial  operations,  making  them 
easier  by  lowering  tension  and  diminishing  brain  volume. 

INTRODDCTORT 

In  this  laboratory  some  years  ago,  L.  H.  Weed  began  a  Beries  of 
experiments  in  an  effort  to  answer  certain  questions  relating  to  the 
cerebro-spinal  fluid  circulation  which  had  been  suggested  by  Doctor 
Gushing  (3).  His  studies  related  largely  to  the  circulation  of  the 
fluid  and  to  the  methods  of  its  escape  from  the  cerebral  chamber  (4). 
It  was  demonstrated  that  the  normal  escapes  for  fluid  were  by  way 
of  the  arachnoid  villi  directly  into  the  large  dural  Onuses  and  along 
the  perineural  spaces  about  the  cranial  and  spinal  nerves.  He 
subsequently  showed  how  the  arachnoid  spaces  and  dural  sinuses 
developed  (5). 

On  the  side  of  pure  physiology  we  are  not  so  secure.  It  has  recently 
been  claimed  that  a  solution  of  the  primary  problem  of  fluid  produo- 


,v  Google 


CEREBRO-SPINAL   FLUID   PHBSSURE  465 

tiott  haa  not  been  ftccomplished.  There  is  much  presumptive  evidence 
of  an  experimental  and  clinical  nature  that  the  choroid  plexus  behaves 
as  a  secretinf;  gland  in  this  connection.  Such  has  been  the  generally 
accepted  belief.  Later  students  of  the  subject,  and  in  particular 
Becht  (6)  and  Becht  and  Matill  (7),  have  objected  to  some  of  these 
generally  accepted  broad  facts.  They  have  recently  published  the 
results  of  a  very  critical  reinvestigation  of  the  subject  and  conclude 
that  there  is  no  indisputable  evidence  that  the  fluid  is  a  secretory 
product  of  the  choroid.  Dixon  and  Halliburton  (8),  1913,  published 
an  elaborate  investigation  of  the  action  of  certain  drugs  and  tissue 
extracts  on  the  "secretion."  Their  results  are  somewhat  discounted 
by  the  work  of  Becht  and  Matill  who  point  out  that  the  results  obtained 
may  have  been  due  to  intracranial  vascular  (pressure  and  volume) 
changes  caused  by  the  injected  substances  and  recorded  as  fluidsecre- 
tion  changes  through  the  inadequacy  of  the  methods  employed.  These 
authors  applied  the  same  criticism  to  that  part  of  the  work  of  Gushing 
and  Weed  {Q}  in  which  they  claimed  to  demonstrate  an  increased 
secretion  of  fluid  following  the  administration  of  hypophysis  extract. 
The  criticism  does  not  seem  warranted  since  in  some  of  their  experi- 
ments Gushing  and  Weed  measured  the  increased  flow  of  fluid  from  a 
catheter  within  the  ventricle.  The  catheter  was  sealed  off  from  the 
subarachnoid  space  by  its  contact  with  the  walls  of  the  aqueduct. 
Under  such  circumstances  the  changes  in  capacity  of  the  subarachnoid 
space,  incident  to  vascular  changes,  could  not  impart  a  significant 
alteration  to  the  flow  from  the  ventricular  catheter. 

Aside  from  the  primary  broad  facts  of  anatomy,  secretion  and  ab- 
sorption channels,  the  work  of  Weed  and  McKibben  brings  out  the 
most  deflnite  and  significant  fact  estabUshed  in  regard  to  the  detailed 
physiology  and  pharmacology  of  the  cerebro-spinal  fluid.  The  demon- 
stration that  intravenous  injections  of  hypertonic  solutions  reduce 
cerebro-spinal  fluid  pressure  and  brain  bulk  offers  a  new  point  of 
departure  into  the  problems  of  the  physiology  and  pathology  of  the 
cerebrospinal  fluid. 

A  brief  summary  of  the  work  of  Weed  and  McKibben  (loc.  cit.)  is 
essential  to  a  presentation  of  the  present  study.  In  experiments  on 
cats  it  was  shown  that  hypertonic  solutions  of  electrolytes  injected  into 
the  venous  circulation  caused  a  marked  fall  of  the  cerebro-spinal  fluid 
pressure.  Hypertonic  solutions  of  other  crystalloids  (glucose)  caused 
a  similar  fall  of  pressure  though  not  so  great  in  extent.  Saturated 
solutions  of  sodium  chloride,  sodium  bicarbonate  and  sodium  sulphate 
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were  employed.  Conversely,  it  was  found  that  distilled  water  (a 
hypotonic  solution)  had  the  opposite  effect  and  caused  a  rise  of  pres- 
sure. It  was  later  observed  that  the  hypertonic  solutions  caused  the 
brain  to  diminish  in  bulk  while  the  hypotonic  solution  had  the  oppo- 
site effect,  the  brain  increased  in  bulk.  It  was  suggested  that  these 
changes  were  mediated  through  changes  in  the  osmotic  value  of  the 
blood. 

EXPERIUENTAL 

In  experiments  of  this  sort  the  methods  employed  are  important  to  a 
proper  interpretation  of  results.  For  this  reason  the  method  employed 
is  set  forth  in  considerable  detul. 

Animala.  Most  of  the  experiments  were  made  on  cats.  The  animab 
were  taken  from  stock,  usually  without  any  preparation.  In  a  few 
instances  castor  oil  was  given  twenty-four  hours  before  experiment. 
Some  of  the  animals  were  allowed  no  food  or  water  for  this  period. 
These  measures  did  not  appear  to  affect  markedly  the  results  and  were 
given  up.  The  animals  were  securely  fixed  in  the  prone  position,  the 
neck  flexed  and  the  head  held  tightly  in  place.  For  the  recording  of 
accurate  pressure  changes  the  fixation  and  position  of  the  animal  are 
most  important  for  alight  movements  greatly  affect  the  pressure, 

Aneathetice.  We  have  used  the  following  anesthetics:  Ether  a,  by 
cone  and  b,  by  the  intratracheal  method ;  c,  morphine-atropine-urethane ; 
d,  luminal  and  e,  morphine-chloretcme.  In  our  experience  morphine- 
atropine-urethane  is  the  most  satisfactory  anesthetic  for  the  experi- 
ments on  cats.  The  anesthesia  requires  no  attention,  it  is  uniform 
throughout  the  experiment  and  appears  to  have  little  effect  on  the 
fluid  pressure.  Chloietone  does  almost  aa  weU.  With  ether  anea- 
thesia  the  animals  lose  heat  so  rapidly  that  even  with  them  placed  on 
electric  pads  and  under  the  warmth  of  several  electric  bulbs  we  have 
found  it  impossible  to  keep  them  in  good  condition  for  long  periods  <tf 
observation  (8  to  10  hours).  Changes  in  the  depth  of  ether  anesthesia 
markedly  affect  the  intracranial  fiuid-blood  pressure  relationship 
causing  changes  quite  apart  from  the  purpose  of  experiment.  The 
animals  eventually  fail  when  morphine-atropine-urethane  is  used,  but 
in  our  experience  it  gives  the  most  satisfactory  period  for  observation. 

Manom^er  and  connectiona.  The  fluid  pressures  were  read  from  a 
U-tube  mantmieter  connected  to  a  needle  in  the  subarchnpid  space. 
The  method  of  estabUahing  the  manometer  connection  is  of  impor- 
tance.   The  whole  system  was  filled  with  nonnal  saline,  the  column  of 
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fluid  beii^  set  at  100  mm.,  somewbat  below  the  initial  pressure  usually 
to  be  anticipated.  A  wire  obturator  extended  tbrough  a  water-tight 
puncture  in  tbe  tubing  on  into  the  needle.  With  the  apparatus  so 
arranged  tbe  puncture  through  the  occipito-atlantoid  ligament  was 
made.  Tbe  obturator  was  withdrawn  from  the  needle  but  its  end  was 
still  left  in  tbe  tubing  to  occlude  tbe  puncture  through  which  it  was 
inserted.  By  this  method  we  were  able  to  avoid  tbe  great  loss  of 
fluid  and  artificial  fall  of  pressure  incident  to  beginning  with  an  empty 
system  into  which  tbe  fluid  must  rise  to  fill  the  manometer.  Tbe 
bore  of  the  manometer  was  such  that  100  mm.  pressure  change  required 
a  displacement  of  0.26  cc.  of  fluid. 

The  importance  of  the  displaced  fluid  in  experiments  of  this  sort  has 
been  empbarazed.  It  will  vary  directly  with  the  bore  of  the  manom- 
eter. The  possible  bearing  of  this  fact  on  the  results  was  realized 
and  so  a  number  of  control  experiments  with  a  larger  bore  manometer 
were  conducted  in  which  100  mm.  pressure  change  required  a  dis- 
placement of  1.06  cc.  of  fluid. 

Arterial  and  venous  pressures.  These  were  recorded  in  some  of  the 
first  experiments.  It  soon  became  apparent  that  they  were  not  essen- 
tial to  an  interpretation  of  the  onormous  fluid  pressure  changes  that 
occurred  and  so  their  recording  was  given  up. 

Routes  of  adminiatraiion:  Intravenous  doses  were  given  from  a  buret 
through  a  caimiUa  In  the  femoraJ  vein.  It  was  possible  to  control 
accurately  the  rate  of  flow.  Gastro-intestiruil  doses  were  given  through 
a  stomach  tube.  Duodenal  doses  were  given  by  a  syringe  and  needle 
into  a  loop  of  duodenum  exposed  through  a  small  mid-line  incision. 
Colonic  doses  were  given  by  a  rectal  tube  held  in  place  by  a  purse  string 
suture  in  the  anus. 

Normal  pressures.  We  wish  first  to  record  the  values  we  have  ob- 
tained for  normal  pressures.  In  addition  to  the  present  series  Weed 
and  McKibben  (loc.  cit.)  and  Becht  (loc.  cit.)  furnish  the  most  compre- 
hensive data  on  tbe  subject.  In  a  series  of  one  hundred  experiments 
on  cats  under  the  experimental  conditions  described,  tbe  average  of 
normal  pressures  of  the  cerebro-spinal  fluid  was  133  nmi.  normal  saline. 
This  is  14  mm.  higher  than  the  value  of  119  mm.  given  by  Weed  and 
McKibben  and  21  mm.  higher  than  the  value  of  112  mm.  given  by 
Becht.  The  former  authors  cited  used  an  empty  manometer  into 
which  the  fluid  bad  to  rise.  It  is  not  clear  whether  or  not  Becht  began 
with  a  filled  system  in  the  experiments  on  which  this  figure  is  based. 
At  any  rate,  this  factor  in  our  experiments  probably,  in  part,  explains 
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the  higher  value  of  our  normal  pressurea.  When  an  appreciable  amount 
of  fluid  has  been  displaced  it  takes  a  ronsiderable  period  of  time  for  a 
new  equilibrium  to  be  eatablished.  Under  these  circumstances  readings 
taken  early  in  an  experiment  only  represent  a  point  in  the  transition 
toward  equilibrium.  The  average  normal  with  ether  anesthesia  was 
127;  with  urcthane  155  and  with  chloretone  127.  The  higher  value  of 
our  normal  readings  may  be  connected  with  the  use  of  urethane.  The 
highest  initial  pressure  we  recorded  was  255  mm.  The  lowest  positive 
pressure  was  65  mm.  In  three  animals  the  pressure  at  the  beginning 
of  experiment  was  negative,  viz.,  —10  mm.,  —20  mm.,  —25  mm. 
These  values  existed  after  the  100  mm.  column  of  fluid  in  the  manom- 
eter (0.26  cc.)  had  run  into  the  subarachnoid  space.  The  experi- 
mental details  were  carefully  checked  up  in  these  cases  so  that  we  are 
sure  the  figures  represent  true  values. 

INTRAVENOUS    DOSES 

A  number  of  experiments  in  which  the  solutions  were  given  intra- 
venously were  carried  out.  They  abundantly-confirmed  the  work  of 
Weed  and  McKibben  (loc.  cit.).  In  addition  they  furnished  a  basis 
for  comparison  between  intravenous  and  gaistro-intestinal  doses  of  the 
solutions. 

Ringer's  solution  regularly  caused  a  marked  though  unsustuned 
rise  of  the  cerebro-spinal  fluid  pressure.  For  example  an  intravenous 
dose  of  50  cc.  was  followed  by  a  rise  of  the  cerebro-spinal  fluid  pressure 
of  100  mm.  Withinau  hour  the  pressure  had  fallen  to  approximately  a 
normal  value  again.  On  the  other  hand,  the  same  amount  of  water 
given  intravenously  caused  a  marked  and  sustained  rise  of  the  cerebro- 
spinal fluid  pressure  (100  nun.)  which,  an  hour  after  the  injection,  was 
still  at  its  height.  These  changes  were  not  accompanied  by  significant 
changes  in  the  blood  pressure.  Figure  1  illustrates  the  effect  on  cere- 
bro-spinal fluid  pressure  and  blood  pressure  of  an  intravenous  injection 
of  25  cc,  30  per  cent  sodium  chloride  solution.  The  cerebro-spinal 
fluid  pressure  promptly  fell  from  175  mm.  to  —78  mm.  The  fall  ia 
sustained,  for  two  hours  and  fifteen  minutes  after  injection  the  pressure 
remains  197  mm.  below  its  level  at  the  beginning  of  experim^it. 

These  experiments  are  typical  of  our  results  with  intravenous  injec- 
tions. The  changes  are  greater  than  those  recorded  by  Weed  and 
McKibben  but  qualitatively  they  are  identical  with  their  experiments. 
In  longer  continued  experiments  we  have  found  the  lowered  cerebro- 
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spina]  fluid  pressure  persisting  for  long  periods.     In  one  experiment, 

for  example  (10  cc.  30  per  cent  NaCI    intravenously),  it  remained 

HO  nun.  below  its  initial  level  five  hours  and  twenty  minutes  after 

injection.     In  this  experiment 

a  fall  of  238  nun.  took  place  in 

fifty-four  minutes  or  at  the  rate 

of  approximately  4.4  mm.  per 

minute.    The    return    toward 

normal  occurred  more  slowly, 

at  the  rate  of  approximately 

0.7  mm.  per  minute. 

Unless  the  rate  of  injection 
of  the  hypertonic  sodium  chlo- 
ride is  carefully  controlled  the 
cardiac  and  respiratory  changes 
.  may  prove  fatal.  Death  from 
these  causes  occurred  in  several 
experiments. 

GASTRO-INTESTINAL    DOSES 

General  effect.  By  a  single 
experiment  our  main  anticipa- 
tion in  regard  to  salt  ingestion 
was  shown  to  be  well  warranted. 
To  an  anesthetized  dog  a  mas- 
sive dose  (180  cc.)  of  30  per  cent 
sodium  chloride  was  given  by     253  mm.  of  cerebro-spinal'  fluid  "presau'ro 
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Fig.  1.  Intravenous  injection  of  25  cc. 
30  per  cent  sodimn  chloride  aolution.  Dog 
weight  6.0  kgm.  Ether  by  cone.  Cerebro- 
spinal fluid  pressure  {mm.  saline)  and  blood 
pressure  (nun.  Hg.)  curves.  During  the 
injection  there  was  marked  cardiac  and 
respiratory  disturbance — the  respirations 
became  rapid  and  shallow,  almost  ceasing, 
the  heart  rate  rose  and  the  beats  became 
feeble.  Note  the  70  mm.  fall  of  arterial 
pressure  during  this  period.  A  prompt  re- 
covery occurred  with  return  to  a  higher 
value  than  previously.    An  abrupt   fall, 


occurred.  Two  hours  and  fifteen  minutes 
after  injection  this  pressure  remains  at 
1.  below  the  level  at  the 
beginning  of  experiment.  The  change  is 
independent  of  blood  pressure. 


stomach  tube.  The  cerebro- 
spinal fluid  pressure  promptly 
fell  from  150  mm.  (normal 
saline)  to  zero.  This  was 
accompanied  by  a  rising  arterial 
pressure  during  the  whole  experiment.  This  is  the  essential  fact.  The 
subsidiary  facts — size  of  dose,  response  to  different  substances,  vascular 
changes,  duration  of  the  effect  and  so  on— will  be  presented  in  the 
following  experiments. 

Size  of  dose.  Figure  2  illustrates  the  effect  on  cerebrospinal  fluid 
pressure  and  blood  pressure  of  injecting  35  cc.  10  per  cent  sodiimi 
chloride  solution  into  the  rectum.    Five  minutes  after  the  injection 
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was  begun  the  cerebrospinal  fluid  pressure  began  to  fall.  In  one  hour 
and  ten  minutes  it  had  fallen  from  112  mm.  to  —44  mm.,  a  drop  of 
ISti  mm.  This  was  at  the  rate  of  2.2  mm.  per  minute.  The  change  is 
quite  independent  of  the  blood  pressure  which,  as  may  be  seen,  remains 
quite  constant.  The  change  here  is  not  so  extensive  nor  rapid  as  in 
the  case  of  intravenous  doses — compare'  figure  1  with  figure  2. 

That  the  extent  and  rate  of  change  obtained  in  this  experiment  are 
not  the  maximal  ones  to  be  obtained  by  intestinal  doses  was  soon 
apparent.    Figure  3  illustrates  this  fact.    In  this  experiment  50  cc.  of 
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Fig.  2.  Thirty-five  cubic  centime- 
ters 10  per  cent  todium  chloride  solu- 
tion by  rectal  tube.  Cat  weight  2.5 
kgm.  Intratracheftt  ether.  Cerebro- 
spinal fluid  pressure  (mm.  saline) 
and  blood  pressure  (mm.  Hg.).  Soon 
after  the  injection  is  begun  the  cere- 
bro-Bpioal  fluid  pressure  begins  to 
fall— 156  mm,  in  1  hour  and  10 
minutes.  Rate  2.2  mm,  per  minute. 
The  arterial  pressure  rises  a  little 
during  the  injection  but  shows  no 
significant  change. 


« j Ji=^ 


Fig.  3.  Fifty  cubic  centimeters 
30  per  cent  sodium  chloride  by 
rectal  tube.  Cat  weigh 1 3.2  kgin. 
Intratracheal  ether.  A  fall  of 
270  nun.  occurred  at  the  rat«  of 
4.2  mm.  per  minute-  The  curve 
closely  resembles  that  obtained 
with  intravenous  doses,  an 
example  of  which  is  shown  in 
figure  1. 


30  per  cent  sodium  chloride  solution  were  put  into  the  rectum.  The 
fall  of  pressure  and  the  rate  at  which  it  occurred  were  here  equal  to 
intravenous  doses,  a  fall  of  270  mm.  at  the  rate  of  4.2  mm.  per  minute, 
compare  figure  1  with  figure  3. 

Changes  of  this  extent  are  maximal  and  larger  doses  add  nothii^  to 
the  effect.  Much  smaller  doses,  20,  10,  5  cc.  of  30  per  cent  salt  solu- 
tion still  cause  very  marked  falls  of  pressure.  An  injection  of  5  cc.  of 
30  per  cent  sodium  chloride  solution  into  the  duodenum  caused  a  fall 
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of  104  mm.  in  the  cerebro-spinal  fluid  pressure.  Comparing  this  with, 
the  iDJectiOD  of  a  Bimilar  amouut  of  the  same  solution  intravenously, 
little  difference  between  the  eRects  produced  is  found.  The  intra- 
venous dose  causes  a  slightly  more  rapid  fall. 

Route  of  administration.  As  between  rectal,  duodenal  and  gastric 
doees  little  difference  in  the  effect  is  to  be  noted  when  large  doses  are 
employed.     Smaller  doses,  however,  are  most  efBcient  in  the  duodenum. 

Coruxntration  of  eolution.  Solutions  of  much  lower  concentrations 
than  those  mentioned  so  far  are  capable  of  producing  changes  of  the 
same  sort.  Here,  however,  the  rate  of  change  is  much  slower  and  the 
fall  of  pressure  is  decidedly  less  in  extent.  In  a  number  of  experiments 
the  average  maximal  effect  to  be  obtained  with  large  doses  (40,  50, 
150  cc.)  of  2  per  cent  sodium  chloride  per  duodenum  was  a  fall  of  97 
mm.  pressure  at  the  avenge  rate  of  2.5  mm.  per  minute.    Figure  4 
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Fig.  4.  Injection  of  150  cc.  2  per  cent  sodium  chloride  solution,  containing  2.7 
per  cent  magnesium  sulphate  into  the  duodenum.  Cat  weight  3  kgm.  Urethane 
anesthesia.     Curve  of  the  cerebrO'Spinal  fluid  pressure  changes  (mm.  saline). 

represents  an  experiment  of  this  sort.  The  average  maximal  effect 
obtained  with  the  large  doses  (20  to  35  cc.)  of  30  per  cent  sodium  chlo- 
ride on  the  other  hand  was  a  fall  of  258  mm.  pressure  at  the  average 
rate  of  3  mm.  per  minute. 

The  large  volume  of  solution  in  the  case  of  the  doses  of  lower  con- 
centration probably  brought  the  solution  into  contact  with  a  lai^r 
area  of  intestinal  mucosa  than  was  the  case  with  the  smaller  volume  of 
solution  when  30  per  cent  salt  was  used.  Were  it  not  for  this  factor, 
the  lower  concentrations  would  have  very  Ukely  affected  the  change 
at  a  still  slower  rate. 

Comparison  vnlk  intravenous  doses.  These  lai^e  doses  of  concen- 
trated salt  solution  in  the  gastro-intestinal  tract  cause  maximal  effects 
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as  regards  the  extent  of  the  fall  of  pressure.  Comparing  the  results  trf 
such  experiments  with  those  in  which  the  iutravenoua  route  was  used 
the  extent  of  fall  in  the  two  cases  is  approximately  equal.  The  iutra- 
venouB  doses  produce  the  effect  at  a  slightly  more  rapid  rate. 

DunUion  of  effect.  Some  of  the  experiments  were  continued  for  long 
periods.  It  was  found  that  the  lowered  pressures  endured  for  a  con- 
siderable  period.  The  curves  are  too  long  for  reproduction  but  the 
following  tabulation  of  four  experiments  (table  1)  illustrates  the  point. 

TABLE  1 
Cerebro-ipinal  fluid  pretturea  at  hour  inltTPoli  fotlouring  $all  inyeation 


10  cc.  30  per  cent  NaCl 
aa  ee.  30  per  cent  NaCl 
aO  cc.  30  per  cent  N'aCl 
10  cc.  30  per  cent  NaCl 


TABLE! 

Ctrebro-MpifuU  fluid  pre»tur«i  at  long  ijitervali  after  tall  ingetlion 


'VT"" 

.o.-.. 

"z:^' 

20  cc.  30  per  cent  NaCl  48  hours  before  puncturel 
20  cc.  30  per  cent  NaCI  24  hours  before  puncturer" 
16  cc.  30  per  cent  NaCl  22  hours  before  puncturel 
15  cc.  30  per  cent  NaCl  18  hours  before  puncture/" 

36  cc.  30  per  cent  NaCl  17  hours  before  puncture 

35  cc.  30  per  cent  NaCl  22  hours  before  puncture 

100 
75 

55 
123 

133 
133 
133 
133 

33 

58 
78 
10 

88-t- 

133 

We  felt  that  possibly  under  the  experimeh^al  conditions,  anestheaa 
etc.,  it  was  impossible  for  the  pressures  to  recover.  For  this  reason 
other  animals  were  given  doses  of  30  per  cent  sodium  chloride  or  satu- 
rated NaiSOf  the  day  previous  to  experiment.  The  following  day 
their  pressures  were  determined.  As  we  did  not  know  their  pressure 
before  the  ingestion  of  salt,  the  results  are  not  of  great  value.  The 
pressures  found  the  next  day  can  only  be  compared  with  our  average 
normal  pressures  for  animals  under  similar  experimental  conditions. 
The  data  bearing  on  this  subject  are  given  in  table  2. 
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In  these  four  expeiimeiitB  the  average  of  pressures  found  many  hours 
after  salt  ingestion  is  88  mm.,  i.e.,  45  mm.  lower  than  our  average  of 
133  nun.  in  the  normal  animat. 

Unabsorbable  aaiU.  Experiments  in  which  the  unabsorbable  salt, 
Bodium  sulphate,  was  used  were  also  carried  out.  Changes  qualita- 
tively like  those  following  sodium  chloride  occurred.  The  extent  of 
change,  however,  and  the  rate  at  which  it  occurred  were  somewhat 
smaller  in  the  case  of  the  sulphate.  F^ure  5  is  plotted  from  a  sulphate 
ingestion  experiment,  a  fall  of  202  mm.  occurred  at  the  rate  of  2.2  mm. 
per  minute.  Compare  with  figure 
3,  an  experiment  in  which  a  large 
doee  of  sodium  chloride  was  given. 
The  average  extent  of  fall  after 
lai^  doses  of  sulphate  was  122  mm. 
at  the  average  rate  of  2.4  mm.  per 
minute.  Smaller  doses  caused 
roi^hly  proportionate  falls  of  pres- 
sure. As  in  the  case  of  chloride  io- 
geetion,  the  low  pressures  endure  for 
a  considerable  period. 

This  ingestion  of  salt  does  not 
appear  to  make  the  animals  refrac- 
toiy  to  a  second  dose  at  a  later 
time.  This  was  demonstrated  by 
administering  the  salt  on  two  si 
sive  days.  Following  the  second 
administration  the  typical  pressure 
changes  occurred. 

Glucose  solutiima.  Concentrated 
solutions  of  glucose  given  into  the 
gastro-intestmal  tract  are  capable 
of  producing  qualitatively  these  Bame  results,  though  quantitatively 
smaller  in  extent.  Thus  following  the  administration  of  35  cc.  of 
concentrated  glucose  solution  into  the  duodenum  the  cerebro-spinal 
fluid  pressure  fell  140  mm.  This  is  the  largest  fall  we  have  obtained 
with  dextrose  solutions.  The  results  are  not  as  constant  as  with  the 
salts. 

Hypotonic  stdutions.  The  effects  produced  with  hypotonic  solutions 
are  not  nearly  so  striking.  Several  experiments  were  conducted  in 
which  water  was  injected  into  the  duodenum.    Thirty-five  cubic  centi- 
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Fig.  5,  Injection  of  35  cc.  aatu- 
rat«d  (130°  F.)  sodium  sulphate  solu- 
tion into  the  duodenum.  Cat  weight 
3,5  kgin.  Chloretone  snestheeia.  A 
promptfall  of  cerebro-spinal  fluid  pres- 
sure occurred— 202  mm.  at  the  rate  of 
per  minute.  This  rat«  is 
somewhat  slower  than  in  the  esse  of 
similar  doses  of  sodium  chloride. 
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meters  caused  rises  of  pressure  averaging  45  mm.  This  rise  is  not  verj- 
well  sustained  for  within  an  hour  practically  normal  pressure  values 
obtained.  Water  seems  somewhat  more  effective  when  it  follows  by 
several  hours  the  ingestion  of  a  hypertonic  solution. 

Alteration  of  brain  bulk.  A  number  of  observations  were  made  on 
the  change  of  brain  bulk  following  the  administration  of  30  per  cent 
sodium  chloride  solution.  The  method  employed  was  like  that  de- 
scribed by  Weed  and  McKibben.  The  temporal  muscles  were  dis- 
sected back  and  the  dura  with  the  underlying  brain  was  exposed, 
through  two  trephine  openings.  The  sodium  chloride  solution  was 
injected  into  the  duodenum.  Within  a  short  time  following  the  admin- 
istration of  the  solution  the  brain  began  to  recede  from  the  margins  of 
the  skull.  Previously  it  had  been  bulging  under  the  tense  dura.  The 
changes  were  very  obvious,  for  within  twenty  to  forty  minutes  the 
bulging  had  completely  disappeared  and  the  surface  was  concave.  On 
incising  the  dura  at  this  stage  the  sulci  were  found  to  be  quite  broad 
while  the  convolutions  were  contracted  and  narrow. 

Proof  of  secreiion  and  absorption  pressure  changes.  The  question 
naturally  arises  as  to  whether  or  not,  in  experiments  like  those  re- 
corded, the  changes  in  the  height  of  the  manometer  column  may  not 
be  due  simply  to  the  dislocation  of  fluid  from  the  manometer  into  the 
cerebrospinal  fluid  spaces  coincident  with  the  diminution  in  the  sise 
of  the  brain.  That  this  factor  plays  some  part  in  the  pressure  changes 
recorded,  there  can  be  no  doubt  for  obviously  as  the  subarachnoid 
spaces  enlarge  with  a  diminishing  brain  volume,  fluid  must  run  in  to 
occupy  them.  On  the  other  hand,  there  is  very  good  evidence  that 
the  ingestion  of  these  solutions  causes  alterations  in  the  ratio  between 
secretion  and  absorption  of  the  fluid,  producing  pressure  changes  quit« 
independent  of  bratn  volume  changes.  This  fact  was  demonstrated  by 
a  number  of  experiments.  With  a  certain  dose  of  hypertonic  solution 
the  pressure  changes  of  the  cerebro-spinal  fluid  were  recorded  in  a 
manometer  of  such  bore  that  100  mm.  pressure  change  required  a  dis- 
placement of  0.26  cc.  of  fluid.  The  pressure  changes  following  this 
same  dose  were  then  recorded  in  another  animal  using  a  larger  bore 
manometer,  in  which  100  mm.  of  pressure  change  required  a  displace- 
ment of  1.06  cc.  of  fluid.  Figure  6  shows  the  two  curves  obtained.  If 
the  whole  process  were  merely  one  of  change  in  brain  volume,  the  sec- 
ond curve  (large  bore  manometer,  broken  line)  should  illustrate  a  fall 
of  pressure  at  a  very  much  slower  rat«  and  very  much  less  in  extent, 
for  the  fluid  displaced  into  the  subarachnoid  spaces  would  change  the 
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height  of  the  column  in  the  small  bore  manometer  a  great  deal  more 
than  in  the  lai^  bore  manometer.  Such  is  not  the  case,  for  the  new 
ratio  established  between  secretion  and  absorption  is  capable  of  main- 
tuning  the  pressure  at  a  new  level,  independently  of  the  volume  of  the 
cerebro-spinal  fluid  spaces  or  the  size  of  the  manometer  used.  A  later 
report  will  be  made  of  the  remarkable  changes  which  these  solutions 
brin(;  about  in  the  absorption  mechanism  and  in  the  currents  of  the 
fluid  channels.  They  appear  to  be  capable  of  reversing  the  flow  in  the 
perivascular  spaces  and  the  ventricular  system. 

The  climcalsigniEcance  of  these 
problems  is  most  apparent.  They  m 
concern  the  states  commonly  ■• 
referred  to  as  "pressure  symp- 
toms." Up  to  the  present  the 
facts  established  by  research  have 
been  more  anatomical  than  physi- 
ological and  it  is  significant  that 
the  clinical  advances  have  been 
mostly  applications  of  these  facts 
and  have  little  to  do  with  physi- 
ology. 


Fig.  6.  Curves  from  two  separate  experi- 

8UMMART  AND  CONCLUSIONS  ^^ntg.    The   broken    tine   describes   the 

,     _,      ,         ,  _,  Tf-i  1          I  oerebro-spinal  fluid  pressure aa recorded  in 

1.  Weed  and  McKibben  dem-  ^  i^rge  bore  manometer,  the  continuous 
onstrated  that  it  is  possible  to  line  describes  the  same  pressure  changes  Id 
reduce  the  cerebro-spinal  fluid  another  animal,  but  recorded  with  a  small 
pressure  and   diminish  the   bulk  bore  manometer.     In  each  case  the  animal 

of  the  brain  by  injecting  hyper-  C«t)«'«KiveniOcc  of  aoperceatsodium 

,,■'.'        7^     ff^    ,  ohionde  solution  intravenously, 
tome  solutions  mto  the   blood 

stream.  Conversely,  they  showed  that  the  pressure  and  the  bulk  of 
the  brain  could  be  increased  by  the  injection  of  hypotonic  solutions. 
Their  work  has  been  repeated  and  their  general  conclusions  conflrmed. 

2.  We  have  shown  that  the  introduction  of  hypertonic  salt  solutions 
into  the  gastro-intestinal  tract  has  a  similar  effect.  This  route  of 
administration  is  more  convenient,  and  by  its  use  the  disturbances  of 
circulation  and  respiration  common  with  intravenous  infusions  are 
avoided. 

3.  Twenty  to  thirty  cubic  centimeters  of  a  30  per  cent  sodium  chlo- 
ride solution  introduced  into  the  duodenum  or  rectum  of  an  average 
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sited  cat  produced  a  maximal  fall  of  cerebro-epioal  fluid  pressure. 
Following  such  doses,  the  average  fall  of  pressure  in  a  large  series  of 
experiments  was  258  mm.  of  water.  JliaTger  doses  added  nothing  to 
the  extent  of  the  fall.  A  dose  of  6  ce.  produced  a  fall  of  104  mm.  of 
water,  and  intermediate  doses  gave  roughly  proportionate  results. 
Following  this  fall  in  pressure  there  is  a  gradual  rise.  Thus,  seventeen 
to  forty-eight  hours  after  such  injections,  four  animals  showed  pres- 
sures averaging  45  mm.  less  than  the  average  normal. 

4.  Sodium  chloride  solutions  in  only  shghtly  hypertonic  concentra- 
tion are  also  effective  in  causing  a  fall  in  cerebrospinal  Quid  pressure, 
although  to  produce  appreciable  changes,  large  doses  are  required. 
Doses  of  40  to  150  cc.  of  2  per  cent  sodiimi  chloride  solution  caused 
falls  of  pressure  averaging  97  mm.  of  water,  in  cats. 

5.  Saturated  solutions  of  sodium  sulphate,  which  is  not  absorbed 
from  the  gastro-intestinat  tract,  produced  qualitatively  similar  resuHs, 
but  less  in  extent  and  at  a  slower  rate.  With  concentrated  dextrose 
solutions  the  fall  is  still  less  and  its  rate  still  slower. 

6.  Water  injected  into  the  duodenum  produces  a  small  rise  (rf  pres- 
sure in  the  normal  animal,  but  it  disappears  more  rapidly  than  the  fall 
incident  to  salt  ingestion.  If  the  animal  has  been  given  a  concentrated 
saline  solution  the  day  before,  the  rise  in  pressure  following  the  admin- 
istration of  water  is  more  marked  and  of  longer  duration. 

7.  Such  changes  in  cerebro-spinal  fluid  pressure  were  shown  to  be 
independent  of  changes  in  arterial  or  venous  blood  pressure. 

8.  These  changes  of  fluid  pressure  are  accompanied  by  a  decrease  in 
the  size  of  the  brain. 

9.  The  manometer  readings  (pressure  values)  obtsjhed  after  salt 
ingestion  are  not  due  solely  to  changes  in  brain  volume  and  capacity 
of  the  cerebro-spinal  fluid  spaces,  but  primarily  represent  new  ratios 
between  secretion  and  absorption  of  cerebro-spinal  fluid. 
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In  a  previous  communication  the  writer  (1)  has  shown  that  extracts 
made  from  heart,  spleen,  pancreas,  testes,  anterior  and  posterior  lobe 
of  the  pituitary  body,  and  the  thymus,  thyroid  and  parathyroid  glands, 
in  addition  to  stimulating  the  isolated  uterus  of  the  rat,  guinea  pig, 
virgin  dog  and  cat,  antagonised  the  inhibitory  action  of  adrenalin  on 
this  tissue.  It  was  also  shown  that  the  same  extracts  depress  the  car- 
diac vagus  of  the  terrapin.  It  was  demonstrated  also  that  the  pressor 
effect  following  the  intravenous  injection  of  a  definite  dose  of  adrenalin 
was  at^;mented  and  longer  maintained  when  splenic  extract  was  pre- 
viously injected.  It  was  suggested  that  this  latter  result  might  be  due 
to  the  depression  or  paralysis  of  some  part  of  the  vasodilator  mechanisni 
by  the  splenic  extract. 

Further  investigation  has  confirmed  the  writer  in  this  opinion. 

Methods.  The  extracts  used  were  made  by  boiling  with  distilled 
water  in  amount  sufficient  to  give  a  practically  isotonic  solution,  desic- 
cated glandular  products  supplied  by  Armour  &  Company,  Chicago;  or 
else  by  extracting  fresh  tissue  with  distilled  water  on  the  water-bath, 
filtering  and  concentrating  the  filtrate  to  an  aliquot  volume  of  the 
original  tissue. 

The  animals  used  for  testing  out  the  extracts  were  the  df%  and  rab- 
bit. The  experimental  animal  was  placed  under  ether  anesthesia  and 
a  cannula  was  inserted  into  the  left  carotid  artery.  This  was  con- 
nected with  the  mercury  manometer.  Injections  w«re  made  into  the 
left  external  jugular  vein  by  means  of  a  "  Record"  syringe.  If  the  fluid 
injected  were  small  in  amount  the  vein  was  at  once  flushed  with  Ringer- 
Locke's  solution  to  insure  that  all  the  fluid  should  enter  the  general 
circulation. 
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Results.  It  was  found  that  extracts  of  such  widely  divergent  tissues 
as  those  of  the  spleen,  skeletal  muscle  and  parathyroid  gland  caused  the 
pressor  response  of  a  definite  dose  of  adrenalin  administered  by  the  in- 
travenous route  to  be  augmented  and  longer  maintained.  Thus  it  was 
found  that  3  cc.  of  adrenalin,  1 :50,000,  injected  into  a  dog  weighing  14 
kilos,  produced  a  rise  of  32  mm.  in  blood  pressure  with  a  return  to  nor- 
mal in  40  seconds,  whereas  the  same  amount  of  adrenalin  injected  5 
minutes  after  the  administration  of  25  cc.  of  extract  of  ox  spleen  pro- 
duced a  rise  of  52  mm.  in  blood  pressure  with  a  return  to  normal  in  4 
minutes.  The  injection  of  0.5  cc.  of  1:50,000  adrenalin  into  a  rabbit 
weighing  2  kilos  produced  a  rise  of  54  mm.  in  blood  pressure  with  a 
return  to  normal  in  80  seconds  while  the  same  unount  given  after  the 
injection  of  5  cc.  of  extract  of  ox  muscle  produced  a  rise  of  62  mm.  in 
blood  pressure  with  a  return  to  normal  in  3^  minutes. 

In  another  instance  a  dog  weighing  22  kilos  with  both  vagi  cut  re- 
sponded to  4  cc.  of  adrenalin  1 :  50,000  by  a  rise  of  SO  mm.  in  blood  pres- 
sure with  a  return  to  normal  in  1  minute  50  seconds;  20  cc.  of  extract 
of  ox  spleen  were  then  injected  and  when  the  depressor  action  of  this 
had  passed  off  4  cc.  of  adrenahn  1 :50,000  were  again  injected.  This 
produced  a  rise  of  1 10  mm.  in  the  blood  pressure  with  a  return  to  normal 
in  3  minutes. 

An  animal  in  which  the  depressor  efifect  of  small  doses  of  adrenalin  is 
readily  elicited  is  most  suitable  to  demonstrate  the  antagonism  of  this 
latter  action  by  tissue  extract.  F^re  1  illustrates  the  antagonism  of 
the  vasodilator  action  of  small  doses  of  adrenalin  by  extracts  of  various 
tissues.  The  experimental  animal  in  this  instance  was  a  male  dog  25 
kilos  in  weight.  Shortly  after  ether  anesthesia  had  been  induced,  the 
injection  of  2  cc.  of  1 :50,000  adrenahn  produced  a  fall  of  22  mm.  of 
mercury  in  the  blood  pressure  (fig.  1, 1).  Both  vagi  were  cut  and  the 
injection  of  3  cc.  of  1 :50,000  adrenalin  produced  a  fall  of  32  mm.  in  the 
blood  pressure.  One  cubic  centimeter  of  1:1,000  adrenalin  was  next 
injected  and  the  blood  pressure  rose  86  mm.  The  injection  of  3  cc.  of 
1:50,000  adrenalin  then  produced  a  sl^ht  rise  in  the  blood  pressure 
which  was  followed  at  once  by  a  slight  fall  in  the  same  with  an  immedi- 
ate return  to  normal.  This  Utter  efifect  stands  in  sharp  contrast  with 
the  effect  of  3  cc.  of  1 :50,000  adrenaUn  prior  to  the  injection  of  the 
Wronger  extract  (fig.  1,  A).  After  10  minutes  had  elapsed  the  injection 
of  3  cc.  of  1 :50,000  adrenalin  produced  an  effect  similar  to  that  following 
the  first  injection  of  3  cc.  Figure  1 ,  B,  shows  the  conversion  of  a  fall  of 
16  mm.  in  blood  pressure  following  the  intravenous  injection  of  3  cc. 
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of  1:50,000  adrenalin  into  a  rise  of  20  mm.  after  the  injection  of  10  cc. 
of  extract  of  thyroid  gland. 

Figure  1  (C,  D,  E,  F,  G  and  H)  illustrates  the  same  type  of  phenom- 
enon induced  by  extracts  of  pancreas,  thymus  gland,  corpora  lutea, 
anterior  lobe  of  pituitary,  testes  and  parathyroid  glands  respectively. 

This  antagonism  of  the  depressor  action  of  small  doses  of  adrenalin 
by  extracts  of  various  tissues  was  not  of  long  duration.  The  primary 
effect  of  adrenalin  in  small  doses  given  intravenously  returned  in  from 
10  to 30  minutes  after  the  injection  of  the  tissue  extract  (fig.  1,D  andG). 

Discussion.  The  antagonism  of  the  depressor  action  of  small  doses  of 
adrenalin  and  the  augmentation  and  prolongation  of  the  pressor  re- 
sponse to  the  larger  doses  would  appear  to  be  phenomena  of  the  same 
order.  As  Hartman  (2)  and  o1  hers  have  shown,  there  is  a  definite  vaso- 
dilator mechanism  which  is  activated  by  adrenalin.  Different  opinions 
have  been  expressed  as  to  the  exact  causation  of  adrenalin  dilatation. 
Dale  (3)  was  of  opinion  that  small  amounts  of  adrenalin  stimulate  the 
vasodilator  endings.  Cannon  and  Lyman  (4)  attributed  the  two  ef- 
fects, vasodilatation  and  vasoconstriction,  to  opposite  actions  according 
to  the  state  of  the  muscle, — relaxation  when  tonically  shortened,  con- 
traction when  relaxed.  Gruber  (5)  suggested  that  the  central  nervous 
system  was  involved  in  the  dilatation  from  adrenalin.  Hartman,  Kil- 
born  and  Fraser  (6)  obtained  vasodilatation  in  the  hind  limb  and  intes- 
tine by  the  central  action  of  adrenalin.  They  concluded  that  adrenalin 
stimulates  vasodilator  cells  situated  in  the  sympathetic  and  posterior 
spinal  root  ganglia. 

It  would  appear  that  the  tissue  extracts  studied  depress  in  some  man- 
ner some  part  of  the  vasodilator  mechanbm.  The  effect  of  a  small  dose 
of  adrenalin  which  normally  produces  a  fall  in  blood  pressure  is  thus 
neutralized  in  whole  or  in  part  by  the  tissue  extract  as  far  as  the  dilator 
action  is  concerned,  and  constriction  only  or  else  a  lesser  degree  of  dila- 
tation takes  place.  When  a  larger  dose  of  adrenalin  is  given,  one  such  as 
causes  a  rise  in  blood  pressure,  the  administration  of  tissue  extract  de- 
presses the  vasodilator  apparatus  and  the  vasoconstrictor  effect  is  thus 
augmented  and  prolonged,  Whetherthepoint  of  action  of  this  peculiar 
constituent  of  tissue  extract  is  the  nerve  ending,  nerve  fiber  or  nerve  cell 
of  the  vasodilator  apparatus  is  undetermined.  The  writer  inclines  to 
the  view  that  the  action  is  peripheral  since  the  antagonism  of  the  inhib- 
itory action  of  adrenalin  on  the  uterus  and  the  depression  of  the  cardiac 
vagus  of  the  terrapin  produced  by  similar  extracts  was  shown  to  be  due 
to  peripheral  action  (1).    It  ia  however  possible  that  the  vasoconstrictor 
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Fig.  1.  DogO;  25  kilos.    Ether  BDeBthesia 
I.  of  adreDolin  1:50,000  injected  into  left  external  jugular  vsfn. 
;.  of  adreDalin  1 ;  1000  intravenouB. 
;.  of  adrenalin  I: £0,000  intravenous. 
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mechanism  may  be  rendered  more  sensitive  to  adreoalui  by  tissue 
extract. 

The  short  duration  of  the  antagonistic  action  of  tissue  extract,  given 
by  intravenous  injection,  upon  adrenalin  dilatation  indicates  that  the 
active  principle  is  either  neutralized  or  destroyed  fairly  rapidly  when 
present  in  the  general  circulation. 


1.  The  fall  inblood  pressure  produced  by  a  small  dose  of  adrenalin  is 
ant^onized  by  various  tissue  extracts. 

2.  The  rise  in  blood  pressure  produced  by  a  definite  dose  of  adrenalin 
IB  augmented  and  prolonged  by  administration  of  tissue  extract. 

3.  It  is  held  that  both  these  types  of  effects  are  of  the  same  order. 

B:  a,  3  cc.  of  adrenalin  1:50,000  intravenous, 

b,  10  cc.  extract  of  thyroid  gland  intravenous. 

e,  3  cc.  of  adrenalin  1:S0,000  intravenous. 
C:  a,  3  cc.  of  adrenalin  1;  50,000  intravenouB. 

b,  20  cc.  extract  of  pancreas  intravenous. 
e,  3  cc.  adrenalin  1;  50,000  intravenous. 

D:  a,  b  and  e,  3  cc.  of  adrenalin  1:50,000  intravenous. 

Between  I  and  t,  20  cc.  of  extract  of  thymus  gland  injected  into  left 

external  jugular  vein. 
9,  five  minutes  after  t. 
B:  a,  3  cc.  adrenalin  1:50,000  intravenous. 

6,  20  cc.  of  extract  of  corpora  lutca  iotravenoua. 

c,  10  cc.  of  extract  of  corpora  lutea  intravenous. 

d,  3  cc.  of  adrenalin  1:50,000  intravenous. 
F:  a,  3  cc.  of  adrenalin  1:50,000  intravenous. 

b,  10  cc.  of  extract  of  anterior  lobe  pituitary  intravenous. 

c,  3  cc.  of  adrenalin  1:50,000  intravenous. 
2,  taken  eight  minutes  after  I. 

O:  a,  b  and  c,  3  cc.  of  adrenalin  1:50,000  intravenous. 

Between  I  and  t,  40  cc.  of  extract  of  testes  injected  into  left  external 

jugular  vein. 
S,  taken  ten  minutes  after  i. 
H:  a  and  6,  3  cc.  of  adrenalin  1  :  50,000  intravenous. 

Between  I  and  t,  10  ee.  of  extract  of  parathyroid  glands  injected  into 
left  external  jugular  vein. 
I;   a,  2  CO.  of  adrenalin  1:50,000  intravenous.    Vagi  intact. 
Nolt:  In  alt  other  instances  vagi  were  cut. 
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4.  The  antagomsm  of  the  depressor  action  of  adrenalin  bj'  tissue 
extract  is  of  short  duration. 

5.  Some  part  of  the  vasodilator  mechanism  is  depressed  by  tissue 
extract. 
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It  has  been  often  found  that  without  previous  treatment  the  aenim 
of  one  animal  can  hemolyse  the  red  blood  corpuscles  from  an  animal  of 
another  species.  Such  hemolj'sin  is  called  "natural  hemolysin."  The 
instances  of  the  presence  or  absence  of  natural  hemolysins  against  dif- 
ferent species  of  animals  have  been  noted  among  the  various  animals 
which  are  commonly  used  in  the  laboratories.  However,  so  far  as  I 
am  aware,  no  systematic  observations  have  been  made  with  the  cor- 
puscles or  serum  of  the  rat  in  regard  to  the  hemolytic  activities  of  these 
fractions  against  those  from  other  animals,  and  for  this  reason  we  have 
carried  out  the  following  investigation. 

The  technique  used  is  as  follows: — The  rat  was  lightly  etherized  and 
the  blood  was  collected  from  the  carotid  artery.  The  serum  was  diluted 
to  ten  times  its  volimie  and  in  each  case  0.2  cc.  was  mixed  with  0.5  cc. 
of  10  per  cent  washed  blood  corpuscles  of  the  pig.  To  this  mixture  L3 
cc.  of  normal  salt  solution  was  added,  thus  making  up  the  total  amount 
to  2  cc.  This  mbcture  was  placed  for  half  an  hour  in  an  incubator  at 
Z1°C  Sometimes  a  much  greater  dilution  of  serum  was  also  tried,  but 
unless  otherwise  stated  the  results  refer  to  the  ten-times  dilution. 

It  was  found  in  the  first  instance  that  the  rat  serum  did  not  hemolyse 
the  red  blood  cells  of  the  pig;  in  other  words  the  rat  serum  did  not  pos- 
sess the  anti-pig  natural  hemolysin.  This  result  was  obtained  from  the 
mixed  sera  of  a  dozen  adult  rats  of  both  sexes  combined. 

However  during  further  experimentation  it  was  accidentally  noted 
in  one  case  that  the  serum  of  the  rat  used  when  mixed  with  the  pig 
corpuscles  hemolysed  the  latter  readily.  This  particular  rat  happened 
to  be  a  female  immediately  after  parturition.  Since  we  had  previously 
found,  as  we  thought,  that  the  rat  serum  lacks  the  anti-pig  hemolysin, 
but  yet  in  this,  particular  instance  a  highly  active  anti-pig  hemolysin 
was  found,  we  decided  at  once  to  repeat  the  observations.  Table  1 
gives  the  results  of  the  further  observations. 
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We  find  from  table  1  that  during  the  first  five  to  six  days  after  par- 
turition  the  anti-pig  hemolysin  is  present,  but  is  less  frequently  present 
after  this  period.  This  interesting  result  induced  us  to  study  further. 
As  a  first  step  we  tested  for  the  presence  or  absence  of  anti-pig  natural 

TABLE  1 
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TABLE  2 

Natural  aiiti-pig  hemolysin  in  the  ral  eenim  under  varioue  eonditione 
Total  number  of  rata  examined  —  211 
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hemolysin  of  rats  under  various  conditions,  and  obtained  the  results 
which  are  shown  in  table  2. 

1.  The  number  of  cases  in  which  the  serum  possesses  the  anti-pig 
hemolysin  is  greater  among  the  females  in  pregnancy,  during  the  first 
week  after  parturition,  and  in  males  in  infection  of  the  lungs. 
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2.  The  hemolysin  is  usually  absent  in  rats  of  both  sexes  whose  ages 
are  less  than  fifty  days. 

3.  Among  the  adult  females  the  hemolysin  is  found  in  almost  half 
the  number  of  rats  examined.  Whether  or  not  this  high  frequency  was 
due  to  the  use  of  rats  at  an  early  period  of  pregnancy  cannot  be  deter- 
mined.    These  females  however  had  been  with  the  males. 


AiUi'pig  natural  hemolngir, 
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4.  Among  normal  males  we  find  a  comparatively  small  number  of 
cases  in  which  the  hemolysin  is  present. 

5.  Among  males  with  infected  lungs,  50  per  cent  of  the  cases  possessed 
the  hemolysin. 
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\Vc  may  conclude  from  these  data  that  anti-pig  natural  hemolysin 
is  far  more  frequently  present  in  the  female  than  in  the  male. 

In  order  to  verify  the  statistical  findings,  and  also  further  to  investi- 
gate whether  or  not  the  natural  hemolysin  appears  suddenly  associated 
with  both  pregnancy,  as  well  as  with  lung  infection,  and  also  with  the 
idea  of  determining  whether  or  not  the  degree  of  titration  increases 
with  the  advance  of  pregnancy  or  of  infection,  the  following  experiment 
was  undertaken. 

The  rats  at  various  ages  were  examined  individually  for  the  presence 
or  absence  of  the  anti-pig  natural  hemolysin.  The  same  rats  were 
again  examined  after  a  lapse  of  several  weeks.  In  each  instance  the 
blood  wa^  obtained  by  puncture  of  the  heart.  As  table  3  shows,  this 
puncture  was  made  in  two  instances  at  four  different  ages. 

It  was  intended  to  carry  such  an  examination  throughout  the  entire 
span  of  life.  However  disturbances  in  the  rat  colony  from  ecto-para- 
sites  unfortunately  prevented  the  completion  of  this  work.  Neverthe- 
less the  results  obtained,  though  imperfect,  show  several  interesting 
points,  and  these  are  presented  in  table  3. 

From  this  table  3  we  see  that  in  many  instances  the  hemolysin  was 
not  present  at  the  earher  age  but  appeared  later.  In  every  instance 
where  the  hemolysin  was  found  at  the  earlier  age  it  was  found  later  also. 

DISCUSSION 

Recently  Kohner  and  Cassebnan  (1)  examined  a  large  niunber  of 
human  sera  for  natural  hemolysins  against  the  erythrocytes  ofthe 
sheep,  dog,  ox,  goat,  hog,  rat,  chicken,  horse,  rabbit  and  guinea  pig. 
They  found  a  considerable  variation  in  the  activity  of  the  hiunan  sera 
to  these  various  blood  cells.  Kolmer  and  Casselman  did  not  however 
mention  any  variation  associated  with  either  sex,  disease  or  pregnancy. 

While  the  present  investigation  was  nearing  completion,  I  received 
from  Doctor  Obata  a  paper  (in  Japanese)  on  comparative  immunologi- 
cal studies  on  the  fetal  and  adult  sera  in  man.  Doctor  Obata  found  in 
man  practically  all  that  I  have  found  in  the  rat;  that  is  the  anti-ebeep 
natural  hemol>'sin  occurs  more  frequently  in  women  than  in  men,  and 
furthermore  the  hemolysin  is  not  present  in  the  fetal  blood.  Doctor 
Obata  found  however  that  the  anti-sheep  natural  hemolysin  is  equally 
distributed  among  non-pregnant  women  and  pregnant  women,  while 
my  own  observation  on  the  rat  shows  a  much  greater  frequency  in  both 
pregnancy  and  the  first  week  after  parturition  than  in  the  non-pregnant 
adult  female. 
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From  the  foregoing  observations  I  conclude  that 

1.  Anti-pig  natural  hemolysin  is  not  usually  present  in  the  serum  of 
younger  albino  rats  under  thirty  to  fifty  days  of  age. 

2.  In  older  rats  this  hemolysin  may  be  present  in  the  serum  of  both 
sexes  but  more  frequently  in  that  of  the  female  than  in  that  of  the  male 
rat. 

3.  During  pregnancy,  as  well  as  during  the  first  week  after  parturition, 
the  anti-pig  hemolysin  is  not  only  more  active  but  the  proportion  of 
cases  is  far  greater  than  among  normal  non-breeding  females. 

4.  The  number  of  cases  in  which  the  anti-pig  hemolysin  is  present 
tends  in  males  to  increase  with  the  appearance  of  lung  infection. 
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It  has  long  been  known  that  absorption  from  the  peritoneal  cavity 
takes  place  rapidly  and  effectively,  The  absorption  of  solutions  and 
particulate  matter  has  been  .studied  by  many  investigatois,  but  very 
little  effort  has  been  made  to  use  the  peritoneal  cavity  as  a  route 
by  which  therapeutic  agents  might  be  administered.  The  basis  of 
practical  intraperitoneal  tberapeusis  must  be  founded  upon  tliree 
general  factors:  a,  the  physiolc^ical  and  toxicological  effects  on  the 
organism  of  substances  administered  by  this  route;  b,  the  variations 
upon  tissue  resistance  caused  by  the  administration  of  any  substance; 
and  c,  the  direct  effect  upon  the  mesothelium.  The  determination  of 
the  effect  of  any  substance  upon  the  organism  must  be  carefully  con- 
trolled for  each  method  of  administration,  as  it  is  well  known  that  there 
is  a  great  variation  in  the  effect  of  the  same  substance  given  by  different 
routes.  Such  methods  need  not  be  discussed  here,  since  they  are  in 
constant  and  practical  use.  In  the  peritoneal  cavity  the  effect  upon  the 
resistance  of  tissues  which  are  directly  exposed  to  the  first  shock  of 
the  administration  should  be  considered  with  very  great  care. 

Blackfan  and  Maxcy  (1)  have  reported  the  use  of  the  peritoneal 
route  for  the  administration  of  physiological  saline  to  patientsrequJr- 
ing  additional  fluids,  with  much  success  and  no  apparent  ill  effects.  In 
their  report  they  also  give  animal  experiments  in  which  they  found 
rapid  absorption  of  the  saline;  the  peritoneum  remaining  smooth  and 
glistening,  no  adhesions  forming,  and  no  abrasions  of  the  viscera  taking 
place.  They  have  also  shown  that  the  introduction  of  salt  solution  is 
attended  with  no  risk  of  infection  if  reasonable  surgical  precautions  are 
taken,  but  they  have  not  controlled  their  experiments  by  a  study  of  the 
comparative  resistance  of  normal  animals,  with  animals  which  have 
been  subjected  to  the  intraperitoneal  injection  of  repeated  doses  of 
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pbysiologicat  saline.  This  is  obviously  easy  to  detennine  with  regard 
to  any  given  substance,  and  any  given  exposure  to  that  substance. 

There  has  heretofore  been  no  method  for  an  early  and  certain  diag- 
nosis of  injuries,  or  at  least  changes  in  the  mesothelium.  The  formar 
tion  of  adhesions  and  an  aseptic  inflainmation  could  of  course  be  con- 
sidered as  definite  criteria,  but  these  are  at  best  crude  methods,  and 
only  indicate  comparatively  late  stages  of  change  in  the  mesothelium. 
It  ia  now  possible  to  estimate  the  effect  of  any  given  substance  since 
it  has  been  determined  that  definite  morpholc^cal  chuiges  in  the  meso- 
thelium can  be  produced  by  the  repeated  administration  of  certain  solu- 
tions and  suspensions.  These  changes  have  been  produced  by  the 
introduction  of  particulate  matter,  laked  blood  and  soluble  starch.  A 
preliminary  note  on  these  experiments  has  been  published  (Cunningham 
(2));  the  detailed  report  has  not  been  published  but  is  in  preparation. 
These  findings  seem  to  offer  a  possible  criterion  for  the  comparison  of  the 
effect  which  any  substance  will  have  upon  the  peritoneal  mesothelium. 

Dextrose  was  selected  for  study  in  this  connection  because,  if  it  could 
be  administered  via  the  peritoneum  without  injurious  effects,  selection 
of  that  route  would  eliminate  many  difficulties  incident  to  adminis- 
tration in  other  ways.  The  purpose  of  this  contribution  is  not  di- 
rected to  the  settlement  of  the  action  and  fate  of  dextrose  in  the  circu- 
lation, or  to  the  reaction  of  the  organism  to  this  substance,  but  simply 
to  the  effect  which  it  might  have  upon  the  mesothelium  of  the  peri- 
toneal cavity. 

Technique  and  malerial.  Rats  were  used  for  these  experiments.  The 
animals  were  anesthetised  with  ether,  the  abdomen  shaved  and  washed 
with  alcohol,  and  then  a  drop  of  tincture  of  iodine  applied,  The  dex- 
trose solution  was  introduced  by  means  of  a  10  cc.  record  syringe,  a 
fresh  needle  being  used  for  each  animal.  The  syringe  and  needles  were 
sterilized  by  boiling.  The  dextrose,  Merck's  "pure,"  was  prepared  by 
dissolving  in  freshly  distilled  water  and  sterilizing  in  the  Arnold  for 
one  hour  on  each  of  two  successive  days.  The  solutions  were  never 
sterilized  under  pressure,  because  this  usually  caused  the  breaking  down 
of  the  dextrose  molecule.  Cultures  of  these  solutions  made  at  the  time 
of  administration  were  uniformly  sterile. 

Two  series  of  animals  are  to  be  reported  at  this  time.  The  first 
consisted  of  twelve  rats,  each  of  which  received  10  cc.  of  a  10  per  cent 
solution  of  dextrose;  seven  of  these  were  killed  at  two,  four,  six,  eight, 
ten,  twelve  and  fourteen  hours  respectively  after  the  injection.  The 
other  five  were  killed  at  intervals  between  ten  and  fourteen  hours;  this 
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was  done  id  order  to  determine  more  exactly  the  time  at  which  the  fluid 
had  been  entirely  absorbed.  At  autopsy  cultures  were  taken,  and  the 
fluid  in  the  peritoneal  cavity  waa  removed  with  a  pipette;  by  this  means 
practically  all  the  fluid  present  could  be  recovered.  Quantitative  deter- 
minations of  the  sugar  content  were  not  done,  because  the  actual  rate 
of  absorption  of  the  si^ar  was  not  required  for  the  present  purpose. 
This  wiU  be  referred  to  later.  Tissue  was  fixed  in  Benin's  fluid,  and 
prepared  for  section  in  the  usual  manner. 

The  second  series  consisted  of  twelve  rats  which  received  10  cc.  of  a 
10  per  cent  solution  of  dextrose  every  twenty-four  hours  for  fourteen 
days.  Six  of  these  were  killed  at  two,  four,  six,  eight,  ten  and  twelve 
hours  respectively  after  the  last  injection.  Three  were  killed  at  short 
intervals  after  twelve  hours,  in  order  to  detennine  the  end  point  of 
absorption  as  in  the  first  series.  The  other  three  were  kept  as  controk, 
and  will  be  referred  to  later. 

Experimental  results.  Figure  1  represents  the  amount  of  fluid  found 
in  the  peritoneal  cavities  of  the  unimftla  in  the  first  series,  while  figure  2 
is  a  similar  curve  for  the  second  series.  From  these  curves  it  is  evident 
that  the  absorption  of  dextrose  from  the  peritoneal  cavity  is  not  im- 
paired by  repeated  doses  of  this  solution,  but  the  differences  between 
the  two  curves  are  not  great  enough  to  establish  conclusively  that  the 
exposure  increases  the  ability  of  the  peritoneum  to  absorb. 

Autopsies  on  ftnimalH  of  series  I  revealed  no  changes  in  the  peritoneal 
cavity,  while  examination  of  those  in  series  II  showed  a  slight  brownish 
tint  in  the  laches  laileuses  of  the  omenta;  otherwise  they  were  entirely 
normal.  No  adhesions  were  found  in  any  of  the  aninnilH  and  the  folds 
of  the  omenta  were  normal  and  free  in  every  case.  Usually  three  or 
four  points  of  injection  were  visible  as  red  areas  about  1  mm.  in  diam- 
eter on  the  anterior  abdominal  wall ;  those  from  earUer  punctures  were 
almost  entirely  healed.    Cultures  taken  at  autopsy  were  sterile. 

On  histological  examination  of  tissue  from  all  the  animals  in  the  first 
series,  the  serous  mesothelium  appeared  everywhere  entirely  nonnal  and 
no  changes  were  found  in  the  laches  laileuses.  On  the  other  hand  in 
the  animals  in  the  second  series,  which  had  received  repeated  doses  of 
the  dextrose  solution,  the  mesotheliiun  of  the  diaphragm,  the  spleen, 
the  omentum,  and  in  one  case  even  the  body  wall,  showed  quite  decided 
changes.  The  diaphrf^m  and  spleen  always  showed  the  most  marked 
changes,  which  varied  very  little  in  the  animals  of  the  group,  but  the 
changes  in  the  mesothelium  of  the  omentum  were  much  more  variable, 
even  in  the  same  animal,  while  the  mesotheUal  cells  of  the  body  wall 
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showed  slight  increase  in  size  in  only  one  animal.  This  distribution 
of  changes  corresponded  very  closely  to  that  found  after  the  use  of 
laked  blood,  and  was  most  interesting  in  that  the  diaphragm  and  spleen 
were  always  most  markedly  affected,  the  omentum  somewhat,  while 
the  intestines,  the  liver,  and  in  most  cases  the  body  wall,  showed  little 
or  no  change. 

The  mesothelial  cells  of  the  diaphragm  and  spleen  showed  everywhere 
a  definite  increase  in  size,  the  nuclei  having  become  rounded  and  vesic-' 
ulsr,  and  the  cytoplasm  increasing  considerably  in  thickness.  The 
borders  of  the  cells  were  often  withdrawn  from  the  neighborii^  cells, 
so  that  a  small  area  of  the  subjacent  connective  tissue  seemed  to  be 
uncovered.    Here  and  there,  especially  over  the  diaphragm,  a  few  cells 
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Fig.  1.  Curve  showing  ftmount  of 
fluid  in  peritoneal  csvitiee  of  nonnftl 
rats  aft«T  iotroduction  of  10  cc.  of  a  10 
per  cent  solution  of  dextrose. 


Fig.  2.  Curve  showing  amount  of 
fluid  in  peritoneal  cavities  of  rat«  whieh 
had  received  fourteen  iojcctionsoflOec. 
of  a  10  per  cent  solution  of  dextrose. 


had  become  almost  separated  from  the  underlying  structures  and  Were 
attached  by  only  a  small  pedicle.  Areas  scattered  over  the  diaphragm, 
which  represent  the  space  normally  occupied  by  two  or  three  cells,  were 
bare;  the  cells  evidently  having  desquamated.  In  the  splenic  meso- 
thehum  desquamation  had  not  taken  place  to  any  great  extent,  although 
an  occasional  cell  area  was  bare.  Perhaps  the  most  remarkable  fact 
noticed  was  that,  in  the  mesotheUiun  of  the  diaphragm  especially,  but 
also  in  a  less  noticeable  degree  in  the  case  of  the  spleen,  many  of  the 
cells  which  had  rounded  up  and  increased  in  size  were  undergoing  divi- 
sion. Mitotic  figures  could  often  be  seen  in  several  stages.  In  one 
section  three  figures  were  found  in  the  area  covered  by  the  oil  immeN 
eion  lens.  The  cytoplasm  of  the  mesothelial  cells  became  much  more 
basophilic  as  they  rounded  up  and  increased  in  size,  but  in  no  case  could 
any  granules  in  the  cytoplasm  be  detected.    Pycnotic  nuclei  were 
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never  seen  in  any  of  these  enlan^  celU.  One  other  interesting  obeer- 
vation  must  be  recorded;  these  large  cells  when  carefully  studied  under 
very  high  magnification  invariably  presented  a  surface  which  was  cov- 
ered with  fine  projections  simulating  in  appearance  the  cilia  of  normally 
ciliated  cells.  They  differed  from  true  cUia  in  that  they  varied  consid- 
erably in  length  and  width,  and  were  somewhat  irregular. 

After  examination  of  sections  had  demonstrated  that  dextrose  pro- 
duced such  definite  changes,  other  experiments  were  performed  in  order 
to  determine  how  rapidly  these  changes  occurred.  Rats  were  ^ven  10 
cc.  of  dextrose  solution  and  killed  aft«r  one,  two,  three,  four  and  five 
days  respectively.  After  twenty-four  boiu^  no  change  was  noticed. 
After  forty-eight  hours  the  only  changes  were  a  very  slight  thickening 
of  the  cell-bodies  and  a  delicate  irregularity  of  the  peritoneal  surface 
of  the  mesothelium,  which  suggested  that  the  cells  were  banning  to 
form  the  cilia-like  projections  described  above.  After  three  or  four 
'  days  the  cells  had  increased  in  size,  and  had  become  somewhat  cuboidal 
in  shape;  while  here  and  there  some  of  them  bad  begun  to  round  up  and 
tiie  projections  bad  increased.  After  the  fifth  injection  the  cells  had 
rounded  up  and  the  free  surfaces  were  covered  with  the  characteristic 
cilia-like  formations,  but  no  evidence  of  any  separation  or  desquama- 
tion was  apparent. 

Sections  of  the  omenta  of  animals  in  the  second  series  showed  that 
the  bron-n  coloration  mentioned  earlier  was  due  to  a  few  fine  granules 
of  brown  material  in  the  cells  of  the  laches  laiieuees.  These  granules 
were  very  few  in  number  and  were  scattered  quite  widely.  There 
was  no  apparent  change  on  careful  comparison  of  sections  of  normal 
omentum  with  these  of  the  rats  in  scries  II  except  for  these  few  fine 
granules.  Sections  of  anterior  mediastinal  lymph  glands  were  examined 
to  determine  whether  or  not  there  was  sufficient  granular  material  in 
the  sugar  solution  to  have  produced  the  changes  noted  in  the  meso- 
thelium ;  but  only  an  occasional  granule  could  be  found  in  any  of  the 
cells,  which  are  usually  loaded  with  them,  when  particulate  matter  has 
been  absorbed  from  the  peritoneal  cavity. 

In  order  to  determine  the  effect  of  rest  after  exposure  to  dextrose  the 
three  rats,  saved  as  controls  from  the  series  of  animals  which  bad  re- 
ceived fourteen  doses,  were  killed  six,  eight  and  ten  days  after  the  last 
dose  Was  given.  In  all  of  these,  sections  demonstrated  that  the  meso- 
thelium was  everywhere  absolutely  normal  in  appearance.  From  this 
it  was  evident  that  recovery  had  taken  place  completely  in  six  days. 
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DISCUSSION 

These  experiments  do  not  settle  the  question  of  the  feasibility  of 
using  the  peritone&l  cavity  as  a  route  for  the  administration  of  dex- 
trose; but  they  furnish  certain  evidence  which  is  of  value,  both  in  r^ard 
to  this  practical  application  and  to  the  general  reactions  of  the  peri- 
toneal niesothelium.  The  experimental  results  which  are  favorable  for 
the  use  of  this  method  are:  the  general  effect  upon  the  animals,  the 
nature  of  the  curve  of  absorption,  the  rapid  recovery  of  the  mesothelium, 
and  the  absence  of  adhesions.  But  the  changes  in  the  mesotheUal 
cells  can  not  be  considered  as  directly  favorable,  and  may  even  prove  a 
definite  contraindication. 

The  animals  suffered  no  ill  effects  as  far  as  could  be  judged  from 
their  activity,  genera)  appearance  and  weight.  While  the  rats  were 
not  weighed  every  day,  their  weights  were  taken  before  the  first  injec- 
tion, and  occasionally  thereafter  ;'none  were  found  to  have  lost  we^ht, 
while  several  actually  gained  a  little.  In  studying  the  two  curves  it 
is  evident  that  the  length  of  time  required  for  the  complete  absorption 
of  the  dextrose  solution  was  about  the  same  in  both  series  of  animals; 
but  the  increase  in  fluid,  soon  after  the  injection,  was  considerably 
greater  in  the  first  than  in  the  second.  From  these  observations  it  is 
evident  that  the  continued  exposure  of  the  surfaces  of  the  peritoneum 
did  not  produce  sufiGcient  injury  or  change  to  decrease  their  ability  to 
absorb  this  particular  solution. 

In  addition  to  this  conclusion  these  curves  suggest  the  discussion  of 
certain  general  features  of  absorption,  concerning  which  we  have  very 
little  conclusive  evidence.  Immediately  after  the  injection  of  the  sugar 
solution  the  total  amount  of  fluid  in  the  peritoneal  cavity  increases, 
and  this  can  only  be  at  the  expense  of  the  water  in  the  tissues  and  blood 
stream.  At  the  same  time  we  may  conclude  that  the  sugar  is  passii^ 
oiit  of  the  peritoneal  cavity  into  the  blood  stream  and  tissue  spaces, 
although  this  has  not  been  established  in  these  experiments  by  quanti- 
tative examination  of  the  fluid. 

In  short  an  equilibrium  is  being  established  by  osmosis  and  diffusion 
between  the  two  systems:  the  sugar  solution  which  has  been  introduced 
into  the  peritoneal  cavity,  and  the  contents  of  blood  vessels  and  tissue 
spaces.  In  considering  the  absorption  of  the  solution  after  the  equi- 
librium has  been  reached,  which  is  indicated  by  the  highest  points  of 
the  curves.  It  seems  evident  that  some  other  factor  besides  osmosis  and 
diffusion  must  be  involved.  The  most  plausible  explanation  for  this 
remarkable  absorption,  which  takes  place  against  the  concentration 
gradient,  seems  to  be  that  the  sugar  molecules  are  drawn  over  into  the 
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blood  stream  and  tissue  spaces  by  means  of  some  difference  in  electrical 
potential;  and  this  increase  in  concentration  of  the  dextrose  in  the  blood 
forces  the  water  out  of  the  peritoneal  cavity.  The  evidence  obtained 
from  these  experiments  is  insufficient  to  establifih  any  hypothema 
regarding  the  nature  of  this  exchange. 

The  nature  of  the  change  in  the  mesothelium  has  not  yet  been  estab- 
lished, and  upon  this  depends  whether  or  not  the  reaction  of  these 
cells  can  be  considered  as  a  definite  contraindication  to  the  adminis- 
tration of  dextrose  via  the  peritoneal  cavity.  If  the  change  is  funda- 
mentally an  injury,  if  the  desquamating  cells  are  badly  injured  or 
dying,  and  if  those  remaining  are  unable  to  recover  the  denuded  areas, 
then  adhesions  are  hkely  to  form  and  influmnatory  processes  to  develop, 
if  any  organism  should  obtain  access  to  the  peritoneum.  On  the  other 
hand  if  the  change  in  these  cells  is  the  result  of  stimulation,  if  the  cells 
are  actively  proliferating,  if  those  c^ls  which  do  separate  are  viable 
and  continue  life  as  free  macrophages,  andif  the  remaining  cells  are 
capable  of  renewing  the  denuded  spaces  so  that  only  a  few  cell  areas 
will  be  empty  at  any  time,  then  adhesions  should  not  develop  and  the 
protection  against  adventitious  infection  would  seem  likely  to  be  as 
great  as  ever.  Theoretical  possibihties  must  include  combinations  of 
stimulation  and  injury,  in  which  case  any  application  would  depend 
upon  the  ratio  between  the  two. 

These  questions  are  most  difficult  to  settle  experimentally;  the  evi- 
dence obtained  from  these  experiments  tends  to  support  the  suggestion 
that  the  changes  are  due  to  stimulation.  The  mesothehum,  after  ex- 
pOBure  to  repeated  doses  of  a  10  per  cent  solution  of  dextrose  during  a 
period  of  fourteen  days,  does  not  show  denuded  areas  larger  than  the 
space  normally  occupied  by  two  or  three  cells,  there  is  no  evidence  of 
injury  or  death,  but  rather  of  active  proliferation  in  these  cells,  no  ad- 
hesions have  occurred,  and  recovery,  either  by  the  return  to  normal 
of  the  cells  which  have  rounded  up  or  their  replacement  by  other  cells, 
is  complete  in  six  days. 

The  distribution  of  this  change  over  diaphragm,  spleen  and  omentum, 
while  the  remainder  of  the  peritoneal  surfaces  is  comparatively  nor- 
mal, would  indicate  that  there  is  some  special  differentiation  of  the 
mesothelium  in  these  regions.  And  it  is  quite  possible  that  the  expla- 
nation of  the  observed  reaction  should  be  sought  in  this  differentiation 
rather  than  in  some  injurious  effect  produced  on  the  cells  by  the  dextrose. 
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The  present  work  was  undertaken  with  the  idea  of  investigating  the 
effect  upon  the  composition  of  the  blood  of  producing  and  then  main- 
taining  for  some  hours  an  expansion  of  the  blood  volume  through  the 
intravenous  injection  of  a  hypertonic  crystalloid  and  colloid  in  com- 
bined solution,  in  the  hope  of  throwing  some  light  on  the  mechanism  of 
the  processes  involved.  The  solution  injected  consisted  of  18  per  cent 
glucose  and  25  pec  cent  gum  acacia  and  is  the  one  that  has  been  found 
useful  in  the  treatment  of  traumatic  shock  (I).  Studies  of  the  blood 
changes  produced  were  carried  out  under  conditions  which  were  varied 
in  a  way  that  might  change  the  permeabihty  of  the  vessel  walls  to  the 
tissue  fluids  and  their  various  constituents. 

The  Uterature  contains  many  references  to  studies,  more  or  less  com- 
plete, of  the  blood  changes  following  the  intravenous  injection  of  crys- 
talloids, glucose,  NaCl,  NaiSOt  and  urea  being  the  substance  most 
commonly  used.  Brasol  (2)  found  that  following  intravenous  injection 
of  a  hypertonic  glucose  solution  the  blood  was  greatly  diluted  in  2 
minutes  but  that  the  blood  volume  had  returned  to  normal  within  2 
hours.  He  found  that  there  was  no  relation  between  the  amount  of 
glucose  injected  and  the  per  cent  of  glucose  foimd  in  the  blood  2  minutes 
later,  that  the  blood  sugar  was  normal  2  hours  after  the  injection,  i3id.it 
part  of  the  si^u  which  leaves  the  blood  can  be  found  in  the  tissues,  but 
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part  cannot  be  found  and  is  perhaps  changed  to  glycogen,  lactic  acid  or 
"undergoes  some  other  chemical  metamoiphosis,"  and  that  the  abso- 
lute quantity  of  protein  in  the  serum  remains  unchanged.  He  con- 
cludes that  the  effects  produced  are  purely  the  reaiilts  of  the  incrcawHl 
intravascular  osmotic  tension  due  to  the  injected  glucose.  Klieko- 
wicz  (3)  obtained  similar  results  as  regards  blood  volume  with  strong 
solutions  of  NajSOi.  Leathes  (4)  finds  that  the  "  increase  in  the  volume 
of  the  blood  caused  by  the  injection  of  5  grams  of  dextrose  per  kilo  ia 
enormous  and  quite  out  of  proportion  to  that  caused  by  the  volume  of 
the  injection.  This  increase  takes  place  with  remarkable  rapidity;  the 
volume  of  the  blood  is  nearly  doubled  by  the  time  the  injection  is  fin- 
ished." Gasscr  and  Erianger  (5)  followed  the  blood  volume  after  in- 
travenous injection  of  5  cc.  of  18  per  cent  glucose  solution  per  kilo  body 
weight,  the  Injection  being  made  as  rapidly  as  possible.  They  foimd 
Ihat  the  maximum  dilution  was  attained  within  0.5  to  2  minutes  and 
that  the  blood  then  began  to  concentrate,  rapidly  at  first,  and  then  more 
slowly,  and  became  normal  within  5  to  45  minutes.  Starling  (6)  finds 
hydremic  plethora  following  glucose  injcctioD  and  that  the  distende<l 
vessels  begin  at  once  to  unload  the  excess  of  water.  Paton  (7)  finds 
that  when  4  grams  of  carbohydrate  in  10  cc.  of  water  per  kilo  body  weight 
are  injected  intravenously  only  a  small  per  cent  of  the  amount  injected 
can  be  recovered  immediately  from  the  blood,  the  time  from  the  be- 
ginning of  the  injection  to  the  end  of  collecting  the  sample  being  90  to 
100  seconds.  Hamburger  (S)  finds  that  in  the  horse  an  intravenous  in- 
jection of  7  liters  of  5  per  cent  Na^SOt  causes  a  marked  dilution  of  blood 
serum  in  respect  to  its  chloride  and  protein  content,  a  return  to  normal 
being  accomplished  very  quickly,  within  2  hours.  Practically  the  same 
effect  on  protein  content  of  serum  follows  the  injection  of  5  liters  of 
0.5  per  cent  Xa^SOt  solution,  while  the  chlorides  are  diluted  as  with  a 
hypertonic  solution  but  do  not  return  to  normal.  The  blood  volume 
was  not  followed  in  these  cases,  so  no  conclusions  can  be  drawn  as  to 
whether  the  return  to  normal  was  due  to  a  passage  of  water  out  of  the 
blood  stream  or  an  entrance  of  solids  into  the  blood  stream.  Fisher  and 
Wisbart  (0)  found  that  blood  dilutes  as  a  result  of  alimentary  hyper- 
glycemia. Magnus  (10)  obtains  varying  results  in  his  studies  of  changes 
in  blood  composition  following  the  intravenous  injection  of  NaCl  solu- 
tions, the  results  depending  upon  the  osmotic  tension  of  the  injected 
solution,  although  consistent  results  were  not  obtained  with  hypertonic 
-solutions. 
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The  common  feature  of  the  experiments  discussed  above  is  that  the 
substances  injected  were  crystalloids  and,  with  the  exception  of  thase 
of  Fisher  and  Wishart,  the  injection  'was  rapid;  and  the  increase  in 
blood  volume,  with  hypertonic  solutions,  always  is  very  rapid  in  ap- 
pearance and  of  short  duration.  Woodyatt,  Sansum  and  Wilder  (11) 
injected  glucoee  intravenously  over  loi^  periods  of  time  at  a  uniform 
rate  and  det-ermined  the  tolerance  rate  as  0.8  to  0.9  gram  per  kilo  per 
hour.  Erlanger  and  Woodyatt  (12)  injected  glucose  intravenously  at 
unifoim  rates  varying  between  0.57  and  4  grams  per  kilo  per  hour  for 
from  20  to  60  minutes  into  anesthetized  animals  in  shock.  The  pulse 
amplitude  was  uniformly  markedly  increased,  indicating  a  condition  of 
plethora.  A  subtolerant  dose  was  as  effective  as  injections  made  at 
more  rapid  rates.  In  a  normal  animal  an  injection  lasting  30  minutes 
at  the  rate  of  1.78  gram  per  kilo  per  hour  raised  arterial  pressure  only 
about  5  mm.  Hg.  but  the  pulse  amplitude  increased  quite  appreciably. 
The  fact  that  a  considerable  increase  in  blood  volume  is  accompanied 
by  only  a  slight  rise  in  arterial  pressure  is  presumably  due  to  diminu- 
tion in  viscosity  of  the  blood  and  to  vasomotor  accommodation.  While 
the  blood  volume  was  not  followed  in  these  cases  it  presumably  soon 
fell  after  cessation  of  injection  to  its  pre-injection  state: 

With  regard  to  the  entrance  of  protein  into  the  circulation,  Morawitz 
(13)  found  restoration  of  proteins  most  active  in  the  first  few  hours 
after  severe  hemorrhage.  Whipple  and  co-workers  (14)  find  that  after 
severe  hemorrhage  the  regeneration  of  plasma  proteins  is  much  more 
rapid  on  a  hberal  high  protein  diet  than  on  a  liberal  bread  and  milk 
diet,  and  least  rapid  on  fasting.  They  infer  from  this  that  there  is  an 
actual  new  formation  of  protein  and  make  no  mention  of  the  possi- 
bility of  some  of  the  protein  being  drawn  in  from  the  tissue  fluids. 
They  also  find  that  "after  the  initial  depletion  of  serum  proteins  the 
body  can  almost  always  regenerate  1  per  cent  of  the  total  protein  during 
the  first  24  hours  following  the  plasmapharesis.  This  figure  is  remark- 
ably constant  and  does  not  seem  to  be  influenced  by  diet  or  fasting 
.  or  the  amount  of  shock.  We  may  perhaps  look  upon 
this  as  the  maximum  effort  of  the  body  to  replace  these  essential  serum 
proteins,  an  effort  which  surely  depends  upon  the  body  protein  as  it  is 
present  in  fasting  experiments.  It  will  be  the  same  whether  there  is  a 
marked  breakdown  of  host  protein,  as  evidenced  by  great  increase  in 
urinary  nitrogen,  or  whether  this  tissue  autolysis  is  minimal."  That 
they  do  not  regard  this  maximum  effort  as  accomplished  by  the  passage 
of  protein  directly  into  the  blood  from  the  tissues  but  rather  as  a  true 
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rebuilding  is  sbown  by  their  further  statement  that  it  "probably  repre> 
Bents  the  absolute  maximum  production  under  the  greatest  stimulus." 
They  present  further  evidence  that  the  restoration  of  plasma  proteins 
after  hemorrhage  is  due  to  a  new  formation  of  proteins  and  that  the 
liver  is  the  chief  seat  of  this  process  in  that  restoration  is  greatly  hin- 
dered by  phosphorus  and  chlorofonn  poisoning  and  by  an  Eck  fistula. 
A  rather  careful  review  of  the  Uterature  has  failed  to  disclose  any 
references  to  studies  of  the  body  fluids  made  during  a  period  of  pro- 
longed increase  of  blood  volume  due  to  the  injection  of  hypertonic 
solutions.  It  is  evident  that  only  two  means  are  at  our  disposal  for 
maintaining  an  increased  blood  volume  for  a  comparatively  long  period, 
several  hours  for  instance,  with  fluids  other  than  blood  or  blood  plasma. 
One  is  by  a  continuous  injection  of  a  hypertonic  or  isotonic  solution  cA 
crystalloids  at  a  rate  more  rapid  than  the  rate  of  the  blood's  fluid  loss. 
In  this  case  the  large  amoimt  of  fluid  injected  would  so  dilute  the  blood 
that  no  conclusions  could  be  drawn  as  to  the  interchange  of  water  and 
solutes  between  tissue  spaces  and  blood  stream.  The  other  method  is  to 
inject  a  small  volume  of  a  strongly  hypertonic  solution  which  will  not 
only  draw  fluid  into  the  blood  stream  but  hold  it  there  for  some  time. 
To  accomplish  this  result  a  solution  containing  both  crystalloid  and  col- 
loid  is  necessary  (15).  So  far  as  we  know  the  present  work  represents 
the  first  effort  made  to  study  changes  in  the  composition  of  the  blood 
induced  in  this  way. 

PROCEDURE 

Dogs  were  used  in  all  experiments.  The  animals  were  not  prepared 
by  controlling  their  intake  of  food  or  water  previous  to  the  experiment. 
Most  of  them  were  fed  and  watered  on  the  morning  of  the  experiment. 
In  the  first  seven  cases  the  animal  was  given  1  grain  of  morphine  an 
hour  before  starting  the  operation;  in  the  case  of  d(%  8,  2  grains  were 
given  by  mistake.  In  the  remainder  of  the  cases  the  morphine  was 
omitted  because  of  its  disturbing  effect  on  the  blood  and  uiinary^nigar. 
In  the  first  four  cases  strict  surgical  asepsis  was  observed  throu^iout 
the  experiment;  in  the  remainder  these  precautions  were  relaxed,  al- 
though the  fluid  injected  and  the  injecting  apparatus  were  sterile.  No 
differences  in  results  due  to  these  technical  differences  were  observed. 
Three  sets  of  experiments  were  perfoimed;  the  first,  a  series  of  nine 
experiments,  on  normal  dogs ;  the  second,  a  series  of  two,  on  asphyxiated 
d(^;  the  third,  a  series  of  three,  on  do^  in  shock.  The  procedure  and 
data  of  each  series  are  presented  separately. 
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The  procedure  in  the  first  series  was  to  anesthetize  the  dog  with  ether, 
immediately  draw  a  "standard"  sample  of  blood  from  the  femoral  ar- 
tery, then  to  start  the  injection  into  the  femoral  vein.  The  dose  in  all 
cases  was  5  cc.  per  kilo  per  hour  of  an  18  per  cent  glucose  and  25  per  cent 
gum  acacia  solution,  the  injection  lasting  1  hour  and  proceeding  at  a 
uniform  rate.  Immediately  at  the  termination  of  the  injection  another 
sample  of  blood  was  taken  and  the  dog  put  back  into  its  cage.  Subse- 
quent samples  were  taken  at  approximately  2-hour  intervals  until  five 
samples  were  obtained.  Little  or  no  anesthetic  was  required  while 
drawing  the  last  thr^  samples.  On  each  sample  determinations  were 
made  of  hemc^obin  (16),  plasma  chlorides  (17),  plasma  total  nitrogen 
and  plasma  non-protein  nitrogen  (18),  and  plasma  sugar  (18).  The 
nitrogen  and  chloride  determinations  were  made  in  duplicate.  Direct 
Neeslerization  was  at  first  attempted  for  both  the  total  and  the  non- 
protein nitrogen  determinations,  appropriate  dilutions  being  made,  but 
it  was  found  that  the  presence  of  the  lai^  amount  of  carbohydrate  in 
the  samples  rendered  digestion  with  the  prescribed  digestion  mixture 
so  difficult  that  indirect  Nesslerization  had  to  be  resorted  to.  In  the 
latter  cases  of  the  series  the  total  nitrogen  determinations  were  made  by 
the  macro-Kjeldahl  method  since  it  was  felt  that  the  micro-Kjeldaht 
with  indirect  Nesslerization  was  not  sufEcienty  trustworthy.  Figures 
given  in  the  tables  under  the  heading  "total  N"  are  protein  nitrogen 
figures  and  are  obtained  by  subtracting  the  non-protein  nitrogen  figure 
from  the  total  nitrogen  figure  as  determined  by  the  Kjeldahl.  Several 
dilutions  of  the  filtrate  for  plasma  sugar  determinations  wer.;  made, 
the  dlution  being  accepted  whose  reading  was  closest  to  20,  the  standard 
being  set  at  20  on  the  Dubosq  or  Bock-Benedict  colorimeter.  Freezing 
point  determinations  were  attempted  in  the  first  experiment,  working 
with  1.5  cc.  of  hirudinized  plasma  in  a  special  tube  in  the  Beckmann 
apparatus,  but  it  was  found  that  consistent  results  could  not  be  obtained 
with  this  amount  of  plasma  and  these  determinations  were  discontinued 
as  it  seemed  inadvisable  to  take  more  blood.  In  lieu  of  direct  determi- 
nations the  crystalloid  osmotic  pressure  of  the  plasma  has  been  roughly 
estimated  by  addii^  the  osmotic  pressures  exerted  by  the  NaCl  and 
glucose  present.  The  calculations  were  made  from  published  tables  of 
direct  osmotic  pressure  determinations  and  of  freezing  point  determi- 
nations. By  umng  various  schemes  for  utilizing  every  available  drop 
of  plasma  it  was  possible  to  make  all  determinations  with  13  cc.  of 
blood  drawn  at  each  sample.  Allowance  for  blood  drawn  as  samples 
has  been  made  in  the  calculations.    Di^  8  and  9  were  bled  15  per  cent 
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of  their  blood  volume  at  the  time  of  takinf;  the  first  sample.  In  the 
last  few  cases  the  urine  was  also  followed,  the  bladder  beinjc  emptied  as 
completely  as  possible  with  a  small  coud6  catheter  at  the  time  of  draw- 
ing the  blood  samples.    The  results  of  the  first  series  are  given  in  table  1. 

The  procedure  in  the  second  sertes  was  to  anesthetize  the  dc%  nith 
ether  (morphine  being  omitted  in  these  and  subsequent  experimcnta), 
insert  a  tracheal  cannula,  draw  a  standard  sample  of  blood  from  the 
femoral  artery  and  empty  the  bladder.  The  animal  was  then  made  to 
rebreathe  air  in  a  large  spirometer  until  the  COi  tension  of  the  air  in  it 
mounted  to  about  30  mm.  Hg.  as  determined  with  Marriott's  (19)  tubes 
on  samples  drawn  from  the  spirometer.  The  injection  was  then  started, 
the  CO]  tension  being  kept  around  30  to  35  mm.  Hg.,  fresh  air  being 
admitted  at  intervals  when  the  dog  became  markedly  dyspneic.  Dys- 
pnea was  moderate  to  marked  throu|^out  the  injection.  This  procedure 
was  introduced  in  an  effort  to  discover  whether  asphyxia  altered  the  per- 
meability of  the  vessel  walls.  At  the  conclusion  of  the  injection  the 
second  sample  of  blood  and  urine  was  drawn,  rebreathing  discontinued, 
the  animal  put  back  into  its  ca^  and  subsequent  samples  taken  as  in 
the  .first  series.    The  results  of  the  second  series  are  given  in  table  2. 

In  the  case  of  dog  10  the  injection  rate  was  not  accurately  timed,  at 
first.  Twenty-five  cubic  centimeters  were  run  in  during  the  first  20 
minutes.  The  injection  was  then  stopped  for  10  minutes,  the  remainder 
of  the  injection  then  proceeding  at  the  proper  rate.  When  the  last 
sample  was  drawn  from  dog  10  he  struggled  quite  vigorously  and  it 
was  necessary  to  anesthetize  him  deeply,  which  is  not  usually  necessary 
for  the  last  three  samples.  This  anesthesia  probably  accounts  for  the 
high  blood  sugar  value  in  the  last  sample  of  dog  10. 

The  procedure  in  the  third  series  was  to  anesthetize  the  animal,  insert 
a  tracheal  cannula  and  connect  a  manometer  with  a  femoral  artery, 
draw  a  standard  sample  and  then  put  the  animal  into  a  condition  of 
shock.  The-  condition  induced  was  the  so-called  mechanical  shock  of 
Janeway  and  Jackson  (20),  which  they  produced  by  temporary  partial 
occlusion  of  the  vena  cava  regulated  so  as  to  keep  the  blood  pressure  at 
30  to  40  mm.  Hg.  for  2  hours.  The  method  of  obstructing  the  cava 
used  in  the  present  work  was  one  described  by  Erlanger  and  Gaseer 
(21),  a  clamp  being  used  by  which  graded  compression  can  be  exerted 
upon  the  cava  between  the  liver  and  the  diaphragm  through  a  small 
abdominal  incision.  The  mean  arterial  pressure  was  kept  at  about  40 
mm.  Hg.  for  120  to  135  minutes.  At  the  end  of  this  time  the  clamp  was 
removed,  the  second  sample  drawn,  the  injection  given,  a  third  sample 
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then  taken,  and  the  dog  kept  as  long  as  he  would  live,  samples  being 
drawn  at  about  2-  or  2^-hour  intervals.  Very  Jittle  anesthetic  was 
required  to  keep  the  dog  quiet  after  shock  had  been  produced.  This  ; 
procedure  was  employed  in  an  endeavor  to  ascertain  whether  the  per-  : 
meability  of  the  vessel  walls  is  altered  in  shock. 

The  results  of  the  third  series  are  given  in  table  3  and  in  the  brief  i 
case  histories. 

DISCUSSION  OF  BESULTS 

Series  I.    Normal  Dogs 

1.  Blood  vdume.  It  is  evident  that  in  all  cases  there  is  a  marked 
immediate  increase  In  blood  volume,  amounting  to  11  to  16  percent, 
which  usually  slowly  returns  toward  normal.  Some  slight  increase  in 
volume,  about  2  per  cent,  usually  persists  even  after  6  or  7  hours.  The 
combined  action  of  the  glucose  and  acacia  in  effecting  changes  in  blood 
volume  is  interesting.  The  early  high  intravascular  osmotic  tenedon 
which  causes  the  rapid  increase  in  volume  is  due  principally  to  the  glucose. 
The  glucose,  however,  rapidly  passes  out  into  the  tissue  spaces  (see 
plasma  sugar  figures)  but  through  the  influence  of  the  gum  acacia  the 
water  very  slowly  leaves  the  vessels.  The  persistent  increase  of  blood 
volume,  2  or  more  per  cent,  is  less  than  the  amount  of  water  which  inust 
be  added  to  the  amount  of  acacia  presumably  remaining  in  the  blood 
(22)  in  order  to  make  it  isosmotic  to  the  plasma  proteins.  It  will  be 
noticed,  however,  that  in  every  case  but  one,  dog  3,  where  the  figures 
are  the  same,  the  total  amount  of  plasma  proteins  at  the  close  of  the 
experiment  is  less  than  that  at  the  start.  Part  of  the  injected  acacia, 
then,  presumably  is  taking  the  place  of  the  removed  plasma  protdn 
in  holding  water,  and  only  the  remainder  can  be  employed  in  hold- 
ing an  excess  of  water  above  normal  blood  volume.  Quantitative 
determinations  of  acacia  in  the  blood  would  be  necessary  in  order  to 
ascertain  just  bow  much  acacia  is  available  for  maintainii^  an  increased 
blood  volume.  Any  fraction  of  the  persisting  increase  in  intravascular 
osmotic  tension  which  might  be  due  to  the  glucose  could  not  play  any 
part  in  maintaining  the  increase  in  blood  volume,  since  glucose  now 
exists  in  the  tissue  spaces  in  equal  concentration,  having  passed  out 
from  the  blood  stream,  and  is  exerting  an  equal  attraction  there.  In 
fact,  the  blood  sugar  figures  show  that  the  excess  of  glucose  has  been 
entirely  removed  from  the  blood  stream,  and  presumably  from  the 
tissue  fluids,  inside  of  2  hours.  The  fate  of  the  glucose  will  be  discuBsed 
later. 
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The  rather  wide  variations  in  the  rate  of  the  falling  off  from  the  initial 
increase  in  blood  volume  possibly  arc  to  be  attributed  to  variations  in 
vasomotor  accommodation  and  in  the  preexisting  water  cont-ont  of  th? 
tissue  spaces,  Scott  (23)  finds  the  henw^lobin  content  increaaed  im- 
mediately by  a  rise  in  blood  pressure  produced  by  various  procedures, 
and  lowered  by  a  fall  in  pressure.  He  cites  evidence  indicating  that  the 
hemoglobin  method  gives  an  accurate  picture  of  relative  blood  volume ; 
and,  as  he  says,  "these  results  can  only  be  explained  by  increased  pres- 
sure forcing  fluid  out  of  the  blood  to  the  tissue  spaces  and  the  [rassagc 
of  fluid  back  from  the  tissue  spaces  to  the  blood  when  the  pressure  is 
lowered."     He  did  not  determine  the  nature  of  the  interchanged  fluid. 

At  the  time  of  taking  the  first  sample  dog  8  was  bled  approximately 
15  per  cent  of  bis  calculated  blood  volume,  15  per  cent  having  been  about 
the  average  initial  increase  in  blood  volume  following  the  injection. 
This  was  done  in  order  to  ascertsun  whether  the  interchange  of  liquids 
and  solids  between  the  blood  and  the  tissues  is  modified  when  the  [deth- 
ora  that  is  induced  by  the  injection  of  a  hypertonic  solution  is  prevented 
by  previous  hemorrh^e.  Blood  volume  figures  indicate  that  the  liquid 
interchange  is  about  as  in  unblcd  animals.  The  question  of  the  depar- 
ture of  the  behavior  of  the  solids  in  this  animal  from  the  behavior  of  the 
interchanges  of  solids  in  ftnimftla  without  previous  bemorrtiage  will  be 
considered  below.  In  the  case  of  dc%  9  the  15  per  cent  depletion  of  the 
blood  is  more  than  made  up  by  the  time  of  the  termination  of  the 
injection  (blood  volume  raised  to  106  per  cent  of  normal);  this  volume 
falls  in  2  hours  to  97  per  cent,  then  very  slowly  to  reach  93  per  cent  at 
the  end  of  7  hours.  The  giun  acacia  is  in  all  probabihty  filhng  the  place 
of  the  removed  plasma  proteins  in  holding  water. 

2.  Blood  composition.  The  main  point  of  interest  is,  What  is  the 
nature  of  the  fluid  drawn  into  the  blood  stream  and  bow  does  its  com- 
position change  subsequently?  A  satisfactory  answer  to  these  questions 
should  serve  to  elucidate  the  processes  determining  the  interchanges. 

a.  Protein.  Any  conclusion  as  to  the  passage  of  protein  into  or  out 
of  the  blood  stream  must  be  based  on  calculations  of  the  absolute  amount 
of  plasma  protein  in  the  entire  blood  stream.  If,  for  instance,  it  should 
be  foimd  that  the  curve  representing  the  percentage  of  plasma  protein 
ran  parallel  to  the  curve  representing  the  reciprocal  of  blood  volume, 
this  would  not  mean  that  the  absolute  protein  content  of  the  plasma 
was  unchanged,  since  practically  all  of  the  fluid  drawn  into  the  blood 
stream  enters  the  plasma  and  an  increase  of  15  per  cent  in  blood  volume 
would  mean  an  increase  of  over  23  per  cent  in  plasma  volume.    The 
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method  used  here  of  calculating  absolute  amounts  of  plasma  protein  is 
essentially  that  used  by  Magnus  (10),  some  changes  in  the  method  being 
introduced  in  order  to  allow  for  the  hemoglobin  withdrawn  in  the 
samples.  It  assumes  that  the  blood  is  9  per  cent  of  the  body  weight  (24), 
(25),  (26),  this  figure  being  used  instead  of  7  per  cent  used  by  Magnus, 
that  the  blood  is  64  per  cent  plasma  by  volume  and  that  all  the  water 
drawn  into  the  blood  stream  enters  the  plasma.  While  none  of  these 
three  assumptions  is  strictly  correct,  the  first  and  third  are  very  nearly 
so  and  variations  in  the  second  will  not  involve  gross  errors  since  the 
calculations  for  the  additional  samples  of  any  one  animal  are  based  upon 
the  plasma  volume  iigure  obtained  in  the  calculation  of  the  standard 
blood  of  that  animal.  A  sample  calculation  may  be  given  for  purposes 
of  illustration. 


Sample  calculation.    Dog  7. 

Body  iBeighl. 

9.1  kilos 

BEUO 

u,... 

TOTAt  HITHOOBH' 

Sunple  number 

u^™™' 

^'"'r^ESd"'" 

SS£ 

°"«.-' 

1 

20.0 

100 

100 

1 

0.83 

2 

226 

113 

111 

2 

0.74 

3 

22.0 

110 

107 

3 

0,76 

4 

21  4 

107 

102 

4 

0,77 

5 

21,0 

105 

98 

5 

0,80 

*  The  terms  "N"  or  "Total  N"  refer  to  protein  N,  i.e.,  the  non-protein N  has 
been  subtracted  from  the  Kjeldahl  figure. 

Method  of  correcting  blood  volume  for  hemoglobin  withdrawn ,  For  each  sample 
13  cc.  of  blood  are  removed.  This  is  1.6  per  cent  of  the  blood  volume  of  this 
animal,  or  1.6  per  cent  of  819,  which  is  0.09  X  9100.  Since,  after  the  first  sample, 
only  96.4  per  cent  of  the  original  amount  of  hemoglobin  remains  in  the  blood 
stream  the  increase  in  volume  of  the  blood  is  only  98.4  per  cent  of  that  indi- 
cated by  the  blood's  dilution  as  shown  by  the  hemoglobin  readings  in  the 
colorimeter.  To  illustrate,  assume  that  5  per  cent  of  blood  and  therefore  of 
hemoglobin  is  withdrawn  from  a  normal  dog,  assume  that  the  normal  or  standard 
sample  reads  20  in  the  (»)lorimeter,  as  in  our  case,  aud  assume  further  that  a 
second  sample  drawn  subsequent  to  the  withdrawal  of  6  per  cent  blood  volume 
reads  21  in  the  colorimeter.  It  we  failed  to  consider  the  previous  loss  of  the 
5  per  cent  hemoglobin  we  would  infer  from  this  reading  that  the  blood  volume 
had  increased  5  per  cent,  was  now  lOS  per  cent  of  the  normal.  What  has  actu- 
ally happened,  however,  is  that  the  blood  volume  has  been  replaced  just  to  its 
original  state,  the  diluent  being  of  course  hemoglobin-free,  so  that  each  unit 
volume  of  blood  now  contains  only  95  per  cent  of  its  normal  amount  of  hemoglobin. 
To  find  the  true  blood  volume  we  should  take  96  per  cent  of  106  or  100  per  cent, 
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in  round  numbers.  To  find  the  true  blood  volume  in  any  oaoe,  therefore,  we 
should  multiply  the  apparent  blood  volume  by  the  percentage  figure  ol  hemo- 
globin remaining  in  the  blood  stream  at  the  time  of  drawing  the  umple. 

Upon  the  basis  of  this  treatment  of  the  data  we  find  that  in  dog  7tbe 
blood  volume  at  the  time  of  drawing  the  last  sample  is  actually  slightly 
decreased  rather  than  increased,  as  the  hemoglobin  readings  would 
seem  to  indicate,  i.e.,  the  decrease  in  the  percentage  of  hemoglobin  in 
the  last  sample  is  not  great  enough  to  account  for  all  the  hemoglobin 
removed.  We  must  assume,  therefore,  that  the  blood  volume  has 
fallen  sli^tly.  The  decrease,  however,  is  not  as  great  as  the  volume 
lost  by  hemorrhage.  This  means  that  some  of  the  fluid  drawn  in  has 
stayed  in  but  not  quite  enough  to  equal  the  amount  lost  by  hemorrhage. 
In  all  the  other  normal  animals  the  final  blood  volume  even  after  cor- 
rection for  the  withdrawal  of  blood  was  slightly  above  the  initial  or 
normal  volume. 

Using  the  corrected  blood  volume  figures  we  may  proceed  with  the  method  of 
caicuUUing  total  platma  nitrogen.  It  may  be  noted  here  that  the  figurea  for 
blood  volume  per  cent  given  in  all  the  tables  have  been  corrected  for  the  amount 
of  blood  lost  according  to  the  method  outlined  above. 

0.09  X  9100  -  819  cc,  blood  volume  at  beginning,  blood  1. 

0.«  X  819  -  K4  cc,  plasma  1. 

0.83  X  S.24  -  4.3S  grams  N  in  plasma  1. 

Blood  2  is  111  per  cent  of  blood  I,  by  volume.  The  111  per  cent  inereaae  haa 
been  in  the  plasma.    0.11  X  SIO  -  90  cc.  increase. 

Plasma  I  -  S24  cc.    524  +  90  =  614  cc,  plasma  2. 

0.74  X  9.14  -  4.54  grams  N  in  plasma  2. 

Blood  3  is  107  per  cent  of  blood  1.  The  7  per  cent  increase  haa  been  in  the 
plasma.    0.07  X  819  -=  57  cc.    524  +  57-581  cc,  plasma  3. 

0.76  X  5.81  -  4.42  grams  N  in  plasma  3. 

By  the  same  method  we  get  0.77  X  S.40  -  4.16  grams  N  in  plasma  4. 

0.SO  X  5.0S  -  4.06  gramfl  N  in  plasma  5. 

These  figures  indicate  that  by  the  time  sample  5  was  drawn  protein  had 
passed  out  of  the  blood  stream,  i.e.,  lees  protein  ia  in  the  plasma  than  was  there 
at  the  beginning.  If,  however,  we  add  to  each  plasma  N  figure  the  amount  of 
plasma  N  taken  out  in  that  sample  and  in  preceding  samples  we  get  the  following 
figurea:The  amount  of  Nwithdrawn  with  eachsample  180.64  X  13  X  0.006  -  0.07 
gm.  N,  0.008  being  taken  as  the  average  amount  of  N  per  cc.  plasma  in  this  ani- 
mal. Variations  in  diSerent  samples  are  not  significant  in  calculations  on  13  cc. 
The  eSect  is  of  course  cumulative;  0.14  gm.  will  have  been  removed  by  the  time 
the  third  sample  ia  drawn,  0.21  gm.  by  the  time  of  the  fourth,  etc. 
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PROTKIN    N 

N  nmuniDf 

ToMl  pniUiD  N 

«nlw 

ar^m 

entmt 

1 

4.35 

0.0 

4-35 

2 

4.54 

0.07 

4.61 

3 

4.42 

0.14 

4. 66 

4 

4.16 

0.21 

4.37 

5 

4.06 

0.28 

4.34 

These  figures  show  that  there  is  at  first  a  slight  iacrease  in  the  amount 
of  plasma  protein  but  that  by  the  time  of  the  fifth  sample  this  baa  dis- 
appeared, and  that  the  final  total  plasma  protein  N  is  the  same  as  the 
original  figure  if  the  amount  withdrawn  is  added.  Di£Ferent  animals 
show  some  variations  from  this  behavior. 

The  figures  obtained  on  the  dc^  without  hemorrhage  are  not  con- 
stant. All  show  that  there  is  a  marked  decrease  in  the  concentration 
of  plasma  protein  accompanying  the  increased  blood  volume;  but  two 
cases,  do^  3  and  7,  show  that  this  decrease  is  not  quite  so  great  as  the 
increase  in  plarana  volume,  i.e.,  a  slight  amount  of  protein  enters  the 
blood  stream;  while  two  others,  dogs  4  and  6,  indicate  that  a  slight 
amount  of  protein  passes  out  of  the  blood.  Of  these  cases,  however, 
the  figures  for  dc«  7  are  the  most  reliable,  since  they  were  obtained  by 
Kjeldahl  determinations,  using  2  cc.  of  plasma,  while  the  others  were 
obtained  by  indirect  Nesslerization,  working  with  0.05  cc.  of  plasma. 
While  the  figures  are  not  convincing,  it  appears  that  there  is  a  slight  in- 
crease in  the  absolute  amount  of  plasma  protein  immediately  after  the 
injections.  If  the  amounts  of  protein  withdrawn  in  taking  the  samples 
are  added  to  the  amounts  remaining  we  find  a  greater,  though  still  quite 
slight,  increase  and  that  the  amount  of  plasma  protein  tends  to  become 
constant  in  most  cases  at  a  level  sfightly  above  or  about  the  same  as 
the  original  one. 

Scott  (27)  showed  that  dilution  of  the  blood  in  vitro  with  isotonic 
Ringer's  solution  causes  protein  to  pass  from  the  blood  cells  into  the 
plasma.  He  uses  this  observation  to  account  for  the  increase  in  total 
plasma  protein  following  hemorrhage  or  the  injection  of  isotonic  Ringer's 
solution  (2S).  By  inferring  that  slight  variations  from  the  proper  pro- 
portions  of  the  salts  in  the  fiuid  added  to  the  blood  greatly  inhibit  this 
transfer  of  protein,  he  accounts  for  the  greater  increase  in  plasma 
protein  after  hemorrhage. 


,v  Google 


14 


H.    L.   WHITE   AND  JOSEPH    ERLANGER 


In  order  to  determine  whether  or  not  the  increase  in  total  plasma  pro- 
tein which  we  found  could  be  due  to  a  passage  of  protein  from  blood 
cells  to  plasma  the  following  experiment  was  performed.  From  an  8 
kilo  dog  140  cc.  of  blood  were  drawn  into  a  vessel  containing  the  mini- 
mum amount,  0.12  gm.  per  100  cc.  blood,  of  potassium  oxalate  that 
would  prevent  clotting.  This  was  stirred  and  45  cc.  samples  immedi- 
ately put  into  each  of  three  cylinders.  All  three  were  stirred  continu- 
ously while  to  one  was  added  2.5  cc.  of  the  f^m-glucosc  solution  at  a 
constant  rate  over  40  minutes,  to  the  second  2.5  cc.  of  gum-glucose  solu- 
tion -H  5  cc.  Ringer's  solution  With  the  calcium  omitted;  the  third  was 
merely  stirred  and  used  as  a  control.  The  second  of  the  above  men- 
tioned procedures  may  be  assumed  to  approximate  the  conditions  ob- 
taining in  the  intravenous  injection  in  vivo  of  5  cc.  of  the  );um-glucoee 
solution  per  kilo  body  weight  or  per  90  cc.  blood,  the  5  cc.  Ringer'sper 
45  cc.  blood  being  the  average  increase  in  blood  volume  over  the  amount 
of  fluid  injected.  After  the  addition  of  the  solutions  was  completed 
hematocrit  determinations  were  made  on  each  sample  and  Kjeldahl 
nitrogen  determinations  made  on  each  plasma. 


aryATOCRiT 

IE'" 

P>OT»- 

T«.l 

Crtia 

PlMn» 

'""^"* 

10.7 
11,0 

11.4 

4.2 
4.1 

3.6 

6.5 
6,9 

7.8 

27  4 

28  2 

30.8 

2  (45  cc.  blood  +  2.5  cc.  g.g.) 

3  (45  cc.  blood  +  2.5  cc.  g.g.  +  5  cc. 
Ringer's) 

0260 
02S7 

The  results  collected  in  the  accompanying  table  show  that  there  was 
no  exchange  of  protein  between  cells  and  plasma.  It  seems  fair,  there- 
fore, to  eliminate  the  blood  cells  as  a  source  of  the  increased  plasma 
protein  in  our  in  vivo  experiments. 

Kjeldahl  determinations  were  also  made  on  the  gum-glucose  used  in 
order  to  determine  if  it  might  be  a  source  of  N.  It  was  found  that  2 
cc.  of  the  solution  is  equivalent  to  0.6  cc.  tenth  normal  HCl.  Expressed 
in  percentage  of  N  our  determination  shows  0.168  per  cent  N  in  the  gum 
acacia  or  0.042  per  cent  N  in  the  solution  injected.  Rideal  (29)  finds 
gum  acacia  to  contain  only  0,031  to  0.082  per  cent  N.  CHher  observers 
have  reported  varyii^  percentages  of  N,  depending  upon  the  source  of 
the  gum.  The  form  in  which  the  N  exists  has  never  been  determined, 
so  far  as  we  have  been  able  to  learn.    The  amount  of  the  solution  used 
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for  ft  10  kilo  dog,  50  cc,  would  coDtaio  only  0.021  gm.  N,  according  to 
our  deterrainationB.  Corpuscles  and  injected  solution  may  therefore 
be  disregarded  as  a  source  of  the  increase  in  plasma  N.  Our  results 
lead  us  to  the  conclusion,  therefore,  that  the  injection  of  the  acacia- 
glucose  solution  leads  in  some  way  to  the  entrance  of  protein  into  the 
circulation. 

The  changes  in  the  percentage  concentration  of  plasma  protein  fol- 
lowing the  injection  are  also  of  interest  in  that  they  indicate  roughly  the 
changes  in  the  colloidal  osmotic  tension  of  the  blood.  It  is  seen  that 
the  concentration  falls  markedly  immediately  after  the  injection,  consid- 
erably more  than  can  be  accounted  for  by  the  blood's  dilution  due  to 
the  injected  fluid  alone.  Let  us  assume  that  each  5  cc.  of  the  injected 
solution  contains  4.5  cc,  of  water.  Since  4.5  cc,  of  water  are  injected 
per  kilo  body  weight  or  per  90  cc,  of  blood  or  per  58  cc.  of  plasma,  the 
plasma  is  diluted  7.8  per  cent  by  the  water  injected.  The  plasma  pro- 
tein percentage,  however,  invariably  falls  more  than  this,  averaging 
about  15  per  cent,  showing  that  not  only  the  fluid  injected  but  the  fluid 
drawn  in  from  the  tissues  dilutes  the  plasma  in  respect  to  its  protein 
content.  The  plasma  protein  content  in  the  subsequent  hours  rises 
toward  normal  but  never  reaches  it,  this  state  of  affairs  co-existing  with 
a  slight  persisting  increase  in  blood  volume.  The  assumption  seems  jus- 
tified that  part  of  the  colloidal  osmotic  tension  of  the  plasma  is  being 
supplied  by  the  injected  gum  acacia. 

Magnus  reports  two  experiments  with  intravenous  injection  of  con- 
centrated (35  per  cent)  NaCI  solution.  In  one  case  he  finds  the  total 
plasma  proteins  diminished  by  7  per  cent  by  this  procedure,  in  the 
other  case  increased  by  5  per  cent.  These  were  on  previously  unbled 
dogs  and  the  results  are  comparable  to  our  results  on  previously  unbled 
dogs. 

Dog  8,  which  was  bled  15  per  cent  of  his  bhod  volume  before  the  injec- 
tion, shows  a  decrease  in  total  plasma  protein  at  the  second  sample. 
When,  however,  the  amount  of  plasma  protein  withdrawn  by  hemor- 
rhage is  added  to  the  total  amount  in  the  blood  at  the  time  the  second 
sample  was  drawn  we  find  a  sUght  increase  in  the  plasma  protein — some 
protein  has  passed  in. 

b.  Sugar.  It  is  seen  that  the  initial  blood  sugar  values  in  the  first 
8  cases  are  very  high,  0.192  to  0.308  gm.  per  100  cc.  This  is  due  to  the 
well  known  action  of  morphine  as  a  respiratory  depressant,  the  imper- 
fect respiration  causing  a  hypei^lycemia.  At  the  close  of  the  injection 
the  figure  is  still  higher,  0,247  to  0.564  gm.  per  100  cc,  due  to  the  in- 
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jected  glucose.  Within  2  hours  the  figure  has  usually  fallen  to  or  below 
the  initial  value.  The  sugar  figures  on  dog  9  are  much  the  most  valu- 
able since  here  the  disturbing  effect  of  the  morphine  ia  not  present. 
The  initial  figure  is  0.133,  the  s%ht  increase  above  normal  probably 
being  due  to  the  ether;  the  figure  immediately  at  the  termination  of  the 
injection  is  0.292;  2  hours  later,  0.163;  2  hours  later,  0.133;  and  the 
last  sample,  2  hours  after  this,  contains  0.135  gm.  These  figures  show 
that  the  sugar  rapidly  passes  out  of  the  blood,  and  is  almost  back  to 
normal  in  2  hours.    The  fate  of  the  sugar  will  be  considered  later. 

Since  the  increased  blood  volume  persists  for  several  hours  after  the 
blood  sugar  has  returned  to  normal  it  must  be  concluded  that  gum 
acacia  remains  in  the  circulation  and  holds  water  there.  The  great 
difficulty  of  digestion  for  nitrogen  determinations  of  all  the  samples 
taken  subsequent  to  the  injection,  even  those  which  had  regained  a  nor- 
mal blood  sugar  value,  indicates  that  there  was  an  abnormally  large 
amount  of  carbonaceous  material  in  the  blood  and  confirms  the  view 
that  gum  acacia  remains  in  the  blood  for  some  time. 

c.  Plasma  dUoridea.  The  plasma  chlorides  were  followed  because  it 
waa  felt  that  their  behavior  under  the  conditions  of  the  experiment 
would  be  typical  of  that  of  the  inoi^anic  crystalloids  in  general.  The 
percentage  concentration  of  plasma  chlorides  always  falls  in  the  second 
sample,  but  not  in  any  way  to  the  same  extent  that  the  blood  is  diluted; 
in  fact,  the  percents^  fall  in  concentration  is  not  even  as  great  as  the 
percentage  of  dilution  of  plasma  accomplished  by  the  injected  fluid.  It 
has  been  seen  above  that  the  plasma  is  diluted  about  7.8  per  cent  by 
the  injected  fluid.  The  percentage  fall  of  plasma  chloride  concentration 
is  less  than  this,  averagii^  about  6  per  cent.  In  other  words,  the  fluid 
drawn  into  the  blood  stream  carries  with  it  chlorides  in  concentration 
equal  to  that  of  plasma  and  in  addition  to  this  inward  filtration  of  chlor- 
ides an  inward  diffusion  has  started  to  supply  chlorides  for  the  injected 
fluid.  This  diffusion  continues  for  several  hours,  the  percentage  of 
plasma  chlorides  steadily  rising  and  becoming  normal  in  6  to  8  hours. 

d.  Non-protein  nitrogen.  It  will  be  noted  that  the  plasma  N.PJf. 
concentration  remains  constant  with  variations  in  plasma  volume,  in- 
dicating that  the  vessel  walls  are  more  permeable  to  urea  than  to  NaCI. 
The  constant  concentration  of  N.P.N.  means  that  not  only  does  the 
fluid  drawn  in  have  a  N.P.N,  concentration  equal  to  that  of  plasma  but 
also  that  the  diffusion  into  the  blood  stream  of  the  N.P.N.  necessaiy  to 
make  up  the  injected  fluid  to  the  concentration  of  N.P.N.  existing  in 
plasma  is  very  rapid,  being  completed  by  the  time  of  completion  of  the 
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JDJection.  Urea'e  greater  solubility  in  lipoids,  which  are  assumed  to  he 
present  in  cell  walb,  may  account  for  this.  An  alternative  view  is  that 
the  urea  does  not  diffuse  into  the  blood  stream  but  is  secreted  into  the 
blood  stream  at  the  proper  rate  to  maintain  a  constant  concentration. 
Our  methods  and  data  do  not  afford  us  any  means  of  deciding  which  of 
these  processes  actually  occurs  but  the  former  seems  the  more  probable. 

e.  Rather  rough  estimations  of  the  crystallmd  osmotic  tension  of  the 
plasma  samples,  using  the  method  of  calculation  mentioned  above,  show 
that  while  there  may  be  some  attempt  on  the  part  of  the  organism  to 
keep  this  tension  constant,  the  compensatory  mechanism,  if  such  exists, 
is  not  adequate  to  keep  pace  with  the  factors  tending  to  vary  the  osmotic 
tension. 

S.  Urine.  When  morphine  had  been  given  sugar  always  appeared  in 
the  urine  in  rather  high  percentage,  5  to  6  per  cent.  In  two  cases,  dogs 
6  and  8,  a  marked  diuresis  resulted;  in  two  others,  dogs  5  and  7,  urinary 
secretion  was  practically  normal  in  volume.  Dog  9,  which  had  no  mor- 
phine, showed  only  a  trace  of  sugar  and  his  volume  excretion  was  nor- 
mal or  slightly  increased.  As  to  the  fate  of  the  injected  glucose,  it  is 
evident  that  it  does  not  stay  in  the  blood  and  that  only  a  small  fraction 
is  excreted  in  the  urine,  in  fact  only  a  trace  when  morphine  is  omitted. 
It  will  be  noted  that  the  injection  is  so  timed  that  the  anesthetized  ani- 
mals receive  glucose  at  the  rate  of  0.9  gm.  per  kilo  per  hour,  the  un- 
anesthetized  dog's  tolerance  rate  (11).  No  study  of  the  tissue  fluids  or 
glycogen  depots  was  made  but  we  may  conclude  with  Brasol  that  the 
remainder  is  "pertiaps  changed  to  glyc<^n,  lactic  acid  or  undergoes 
some  other  chemica]  metamorphosis."  The  observation  of  Fisher  and 
Wishart  (9)  that  the  metabolism  is  increased  20  per  cent  accounts  for 
a  part  of  it. 

It  is  evident,  confirming  the  finding  of  Meek  and  Gasser  (22),  that 
the  gum  acacia  injected  with  the  glucose  does  not  diminish  urinary 
secretion,  as  is  maintained  by  Kruse  (30);  in  fact  in  the  cases  where 
hypei^lycemia  was  extreme,  with  blood  sugar  values  around  0.5(X>  gm. 
per  100  cc,  glycosuria  occurred  with  an  accompanying  diuresis.  Two 
cases  with  hyperglycemia  and  glycosuria,  dogs  5  and  7,  while  not  ex- 
hibiting a  diuresis,  certainly  did  not  show  a  suppression  of  urine.  I'he 
urine  was  not  followed  in  the  first  four  cases.  In  the  case  of  dog  9, 
where  morphine  was  omitted  with  the  result  that  hyperglycemia  was 
not  so  marked  and  no  significant  glycosuria  occurred,  excretion  rate 
of  water  was  normal  or  slightly  increased.  Knowlton  (31)  finds  that 
colloids  exerting  osmotic  pressure,  such  as  gum  acacia,  inhibit  NaCl 
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diuresis  but  have  but  little  effect  on  NstSO^  diuresis.  Glucose  diuresiH 
belongs  to  the  same  class  as  that  of  NaCl,  i.e.,  it  is  presumably  due  to 
purely  mechanical  factors,  such  as  hydremic  plethora,  rather  than  to  a 
direct  action  on  the  kidney  cells.  We  m^t  explain,  then,  the  nonnal 
excretion  of  urine  following  the  injection  of  the  gum;^ucoBe  solution, 
in  the  absence  of  morphine,  as  due  to  a  balance  arrived  at  between  the 
inhibitory  action  of  the  acacia  and  the  diuretic  action  of  the  glucose, 
the  later  gaining  the  upper  hand  when,  due  to  morphine,  a  marked 
hyperglycemia  is  produced  with  a  resultant  glycosuria. 

SBBIES  II.      ASFHTXIATED  DOGS 

There  is  evidence  that  asphyxia  increases  the  permeability  of  tho 
vessel  walls.  Bolton  (32)  holds  that  permeability  is  increased  by  stag- 
nation of  blood  with  decreased  Oj  supply,  since  edema  of  the  neck  is 
produced  by  ligature  of  the  superior  vena  cava,  despite  the  absence  of 
any  rise  in  pressure  in  the  jugulars  and  presumably  in  the  capillaries. 
Starling  (33)  also  draws  the  conclusion  that  the  edema  under  these  con- 
ditions must  be  due  to  increased  permeability  of  walls  which  allows 
protein  to  pass  out  into  the  tissues  and  hold  water  there. 

The  present  experiments  on  asphyxiated  animals  were  carried,  out 
with  these  statements  in  mind.  Study  of  the  data  (table  2)  shows  that, 
owing  probably  to  the  asphyxia,  the  blood  sugar  figures  are  very  high. 
0.133  and  0.244  before  and  0.800  and  0.770  immediately  after  the  injec- 
tion. In  both  cases  the  value  2  hours  after  the  injection  was  below  the 
initial  value,  the  asphyxia  having  long  nnce  worn  off.  Except  for  this 
no  significant  departure  from  the  behavior  in  normal  animals  occuts. 
The  asphyxia  introduces  so  many  complicating  circulatory  facttws, 
however,  that  we  are  not  justified  in  concluding  that  the  permeability 
of  the  vessel  walls  is  unchanged,  although  we  have  no  proof  that  it  is. 
For  exunple,  protein  might  have  been  drawn  in  but  promptly  squeezed 
out  again  due  to  the  asphyxiid  rise  in  blood  pressure.  It  will  be  noted 
that  even  without  morphine  here  the  hyperglycemia  is  extreme  and  the 
glycosuria  marked  but  that  the  blood  sugar  rapidly  falls  to  or  below  the 
normal.  The  apparent  continuance  of  the  glycosuria  after  the  blood 
sugar  has  fallen  to  normal  is  probably  due  to  the  fact  that  the  bladder 
was  not  completely  emptied  at  each  catheterization,  urine  containing 
sugar  which  had  really  been  excreted  during  the  period  of  hype^lycemia 
being  obtained  at  each  sample. 
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SERIES  til.  SHOCKED   DOOS 


Dog  It.  Body  weight,  14.36  kgm.  No  morphine.  Specuneoa  from  pancreas, 
liver,  apleen,  large  and  small  intestine  and  kidney  for  histological  study.  B.  P. 
at  9:65  is  160  mm.  First  sample  at  10:10,  B.  P.  then  150.  Cava  clamped  at 
10:25,  B.  P.  immediately  fell  to40  mm.  11:30,  B.  P.  40,  pulse  120,  very  little  ether 
required.  12:40,  B.  P.  40,  clamp  removed,  B.  P.  rose  slowly,  reached  50  in  3  min- 
utes, 55  in  6  minutes.  Second  sample,  at  12:52,  B.  P.  fell  sharply  to  38;  injec- 
tion started  at  12:57.  B.  P.  soon  fell  to  34,  respirations  of  expiratory  type,  heart 
very  irregular.  As  injection  proceeded  respiration  and  heart  action  improved, 
B.  P.  olimb«d  to  40  in  16  minutes.  1:25,  B.  P.  60.  1:30,  animsltried  to  vomit, 
intestines  extruded  from  wound,  B.  P.  fell  to  40,  rose  again  to  54  in  5  minutes. 
1:60,B.P.60.  1:55,B.P.65.  1 :57,  injection  ended.  2:03,  3rd  sample.  Ani- 
mal tried  to  vomit  during  taking  of  sample  3,  B,  P.  fell  to  42.  2:10,  B.  P.  34. 
2:13,  animal  died.  It  will  be  noted  that  in  this  severe  grade  of  shock  the  loss  of 
13  cc.  of  blood  almost  killed  the  dog  (sample  2)  and  an  additional  loss  of  13  cc. 
did  produce  death  (sample  3). 

Dog  IS.  Body  weight,  18.05  kgm.  1:00  p.m.,  B.  P.  126.  1:20,  B.  P.  128,  lat 
sample  drawn.  1:26,  cava  clamped,  B.  P.  fell  to  40  and  was  maintained  there. 
1:30,  ether  discontinued.  3:30,  clamp  removed,  B.  P.  rose  to  60  in  2  minutes, 
amplitude  of  fluctuations  very  great.  In  4  minutes  B.  P.  averaged  SO.  4:00, 
2nd  sample,  B.  P.  100,  not  affected  by  drawing  13  cc.  blood.  Injection  started 
at  4:08, 4:20,  B.  P.  HO.  4:30,  B.  P.  115,  ether  required.  4:40,  B.  P.  120.  4:43, 
B.  P.  126.  5:03,  130.  5:08,  injection  ended.  5:12,  3rd  sample,  6:16,  B.  P. 
110,etheralmostcontinuoualyaince4:30.  6:50,B.P.9D.  6:00,B.P.80.  6:10, 
B.  P.  64,  pulse  regular,  ether  discontinued.  6:26,  B.  P.  58.  6:40,  B.  P.  60. 
6:56,  B.  P.  40.  6:67,  B.  P.  30.  6:50,  4tb  sample,  animal  died  immediately. 
This  case  illustrates  well  the  type  of  shock  in  which  the  blood  pressure  is  well 
maintained  for  some  time,  masking  the  true  severity  of  the  shock;  eventually 
comes  the  rather  sudden  terminal  circulatory  and  respiratory  collapse. 

DoglS.  Bodyweight,  12.2  kgm.  10:10,  Ist  sample.  10:20,  B.  P.  140.  10:25, 
cava  damped,  B.  P.  fell  to  40  and  was  maintained  there.  12:26,  clamp  removed. 
B.  P.  rose  to  100  on  removing  clamp.  12:30,  2nd  sample,  B.  P.  110.  12:36, 
injection  started,  B.  P.  110.  12:50,  B.  P.  130.  1:25,  B.  P.  125.  1:35,  injection 
ended.  1:37,  3rd  sample,  B.  P.  not  affected  by  drawing  sample.  2:30,  B.  P. 
110.  3:36,  B.  P.  100.  3:45,4th  sample,  B.  P.  90.  6:10,  6th  sample,  B.  P.  imme- 
diately before  sample  "  80,  immeiliately  after  -  66.  6:26,  B.  P.  60.  6:40, 
B.P.S5.  7:15,B.P.46.  S:a0,6thaample,  B.  P.  36immediatelybefore,  dropped 
to  30  immediately  after,  death  in  few  minutes. 

It  is  aovt  believed  practically  univeraally  that  id  traumatic  shock 
blood  plasma  leaves  the  circulation.  Inasmucb  aa  tbe  concentration 
of  tbe  proteins  of  tbe  plasma  remuning  in  tbe  vessels  is  not  appreciably 
changed  it  must  be  assumed  that  in  shock  tbe  permeability  of  tbe  vessel 
walls  is  increased.  The  present  series  of  experiments  was  planned  in 
order  to  ascertain  whether  the  fluids  drawn  into  the  blood  stream  by 
the  hypertonic  solution  in  fatally  shocked  animals  would  carry  along 
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with  them  more  protein  than  this  procedure  brings  in  when  applied  to 
normal  animals.  Four  animals  were  used,  but  one  died  in  shock  before 
the  injection  was  completed.  The  results  from  the  other  three  are 
given  (table  3).  Non-protein  nitrogen  waa  not  followed  in  these  cases 
as  blood  was  so  valuable  and  it  was  felt  that  this  determination  could 
best  be  omitted.  The  only  respects  in  which  the  results  of  this  series 
differ  from  those  of  the  normal  series  are  in  blood  volume  and  protein 
content. 

1.  Blood  volume.  In  accordance  with  the  results  of  numerous  previ- 
ous observers  we  find  the  blood  volume  greatly  diminished  in  shock. 
In  this  series  the  second  or  "shocked"  sample  was  taken  as  the  standard 
for  subsequent  determinations  of  hcmt^lobin  and  blood  volume.  As  a 
result  of  the  injection  of  the  gum-glueose  solution  the  blood  volume  is 
markedly  increased  above  its  shock  level,  the  increase  even  bringing  the 
blood  volume  above  its  initial  normal  level  in  all  three  cases.  The 
volume  then  gradually  falls  off  until  (in  the  one  case  which  could  be 
followed  for  several  hours,  dog  15)  at  the  end  of  7  hours  after  the  injec- 
tion it  reaches  approximately  its  initial  normal  level.  This  was  shortly 
before  the  animal  died. 

2.  Plasma  protein.  The  method  of  calculating  the  absolute  amounts 
of  plasma  protein  may  be  illustrated  here.  The  case  of  d(^  12  may  be 
takcD. 

Body  weight  li,S60  gramt 


BB«0,„.». 

N* 

TOT^ 

K,T«^«. 

Suuple 

R«diDR 

Volume  pfr 
eeat  uncor- 

Volums  [«p 

8.[opl. 

Npnimte. 

1 

2 
3 

.  20-0 
17.8 
26.6 

100 
89 

128 

100 

88 
127 

1 

2 
3 

1-OOt 

0.093 
0-77 

*  Sample  1  is  taken  as  the  standard  for  reading  sample  2,  sample  2  as  th« 
standard  for  reading  sample  3  and  any  subsequent  samples  that  may  be  obtained. 

t  Since  N.P.N,  waa  not  followed  in  shocked  animals  the  figures  given  here  aa 
"total  N"  are  the  actual  Kjeldahl  figures.  Practically  no  change  in  the  rela- 
tions of  the  figures  is  produced  by  the  subtraction  of  the  small  constant  N.P.N, 
figure  from  each  total  N  figure,  as  was  done  in  the  first  two  series. 

Coicwtoion.    0.09  X  14,360  -  1292  cc,  blood  1. 

0.64  X  1202  -  827  cc.,  plasma  1. 

1.004  X  8.27  -  8.30  gm.  N.  in  plasma  1. 

Blood  2  has  88  per  cent  volume  of  blood  1,  i.e.  12  per  cent  less. 
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Assume  this  btw  all  beeo  taken  from  the  plasma.  This  probably  is  uot  cor- 
rect because  of  accumulatioa  of  corpUBclee  in  the  periphery.  This  peripheral 
aggregation  of  corpusclea,  however,  would,  as  is  mentioned  below,  make  the 
calculated  exchange  of  proteio  even  greater  if  it  could  be  quantitatively 
considered. 

12  per  cent  of  1292  =155.    827-155-672  cc,  plasma  2. 

6.72  X  0.993  =  6.67  gm.  N  in  plasma  2. 

Volume  of  blood  2  is  88  per  cent  of  blood  1,  i.e.,- 1137  cc. 

Volume  of  blood  3  is  127  per  cent  that  of  blood  2. 

The  extra  27  per  cent  of  1137  or  307  cc.  has  entered  the  plasma. 

Plasma  2  =  672  cc,    672  +  307  =  979  cc,  plasma  3. 

9.79  X  0.77  -  7.54  gm.  N  in  plasma  3,    SuEomariiing  in  the  form  of  a  table 
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1 

830 

830 

2 

6  67 

0,08 

6,76 

3 

7,54 

0,16 

7,70 

We  find  that  the  absolute  amount  of  plasma  protein  is  greatly  dimin- 
ished in  shock,  its  concentration  remaining  practically  constant  or  being 
very  slightly  diminished.  This  is  in  agreement  with  the  refractometric 
findings  of  Gasser,  Erianger  and  Meek  (34).  With  the  increase  in 
blood  volume  determined  by  the  injection  the  absolute  amount  of  pro- , 
tein  rises  markedly  above  its  shock  level  but  does  not  reach  the  nor- 
mal level.  The  concentration  falls  considerably  but  not  to  the  same 
degree  as  plasma  volume  is  increased.  In  other  words,  the  fluid  drawn 
in  is  not  so  rich  in  protein  as  is  plasma  but  neither  is  it  protein-free. 
Due  to  the  method  of  following  the  blood  volume  these  figures  probably 
do  not  indicate  the  real  magnitude  of  the  changes  in  total  protein.  As 
is  well  known,  the  slowed  circulation  of  shock  causes  red  blood  cells 
to  accumulate  in  the  capillary  area  so  that  the  number  in  the  arte- 
rial blood,  in  which  the  hemoglobin  was  followed,  is  relatively  small 
and  the  estimated  blood  volume  therefore  h^h.  And  it  is  to  be  pre- 
sumed that  the  improved  circulation  following  the  injection  of  the  gum- 
glucose  solution  will  return  some  of  the  jammed  corpuscles  to  the  cir- 
culation, causing  the  blood  volume  estimation  to  be  too  low. 

Following  the  blood  chaises  after  the  injection,  it  is  found  that  pro- 
tein continues  to  increase  even  while  water  is  passing  back  out,  the  pro- 
tein concentration  rising  faster  than  the  plaona  volume  falls.  What 
may  happen  is  that  when  the  injection  is  given  the  fluid  drawn  in  brings 
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with  it  protein  through  the  abnonnaUy  permeable  walla,  but  in  lower 
concentration  than  it  occurs  in  plasma.  Then,  aa  the  blood  pressure 
rises,  the  circulation  improves  and  lymph  flow  is  reestablished.  The 
lymph  flow  from  the  liver  and  intestines  ia  probably  accelerated  to  a 
far  greater  degree  than  that  from  the  extremities,  for  two  reasons:  a. 
In  these  animals  the  circulati<»i  of  both  posterior  extremities  was  prac- 
tically done  away  with  siilce  both  femoral  arteries  and  veins  wereligated. 
b,  Since  the  capillaries  of  the  liver  and  intestines  are  the  most  permeable 
it  is  probable  that  most  of  the  protein  that  disappeared  from  the  plasma 
in  the  process  of  the  development  of  shock  passed  out  into  the  tissue 
fluids  of  the  liver  and  intestines.  As  the  circulation  to  these  organs  is 
now  improved  the  normal  lymph  flow  is  reSstablished  and  this  lymph 
flow  sweeps  along  with  it  back  into  the  blood  stream  through  the 
thoracic  duct  the  plasma  protein  which  had  accumulated  in  the  tissue 
spaces  of  the  Uver  and  intestines  during  the  induction  of  shock.  Thus 
protein  is  enterii^  the  blood  strean)  even  while  blood  volimie  is  falling. 
Such  an  interpretation  of  the  results  accounts  for  the  rapid  initial  in- 
crease in  blood  volume  with  an  increase  in  absolute  amount,  although  a 
decreased  percentage,  of  plasma  protein,  for  the  subsequent  falling  off 
in  volume  and  for  the  concomitant  continued  increase  in  the  absolute 
amount  of  protein.  The  prospect  of  technical  difficulties  in  collecting 
lymph  over  a  long  period  of  time  has  kept  us  from  malHng  direct 
.  observations  on  this  latter  point. 

In  the  shocked  animals,  as  in  the  normal  and  asphyxiated,  the  final 
sam^de  shows  a  percentage  concentration  of  plasma  protein  lower  than 
that  of  the  initial  sample  and  at  the  same  time  the  blood  volume  at  the 
time  of  the  final  sample  is  greater  than  initially;  or,  as  in  the  case  of 
dc^  15,  who  was  followed  for  8  hours,  when  the  btood  vdume  has  in 
time  fallen  to  slightly  below  its  initial  normal  level,  the  percentage  con- 
centration of  plasma  protein  has  fallen  to  a  considerably  greater  extent. 
"niis  must  mean  that  here  too  gum  acacia  is  taking  the  place  of  plasma 
protein  in  holdii^  water  in  the  circulation. 

Starling  (35)  says  "Absorption  by  the  blood  vessels  as  a  reault,  say 
of  artificial  hemorrhage,  if  determined  entirely  by  the  osmotic  attrac- 
tion of  the  plasma  colloids  for  the  extravascular  fluids,  can  only  bring 
about  a  passage  of  water  and  salts  into  the  blood  vessels.  . 
According  to  my  explanation  this  (absorbed)  fluid  should  be  pure  salt 
solution.  That  it  is  more  dilute  than  plasma  is  clearly  shown  by  experi- 
ments but  our  data  do  not  yet  suffice  to  determine  whether  the  incomii^ 
fluid  is  a  weak  solution  of  protein,  such  as  that  contained  in  the  tissue 
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spaces,  or  is  a  pure  salt  solution.  If  it  is  proved  by  quantitative  results 
to  contain  protein,  thensome  other  factor,  such  as  back  filtration  or 
active  absorption  by  the  endothelial  cells  of  the  blood  vessels,  must  be 
involved  in  addition  to  the  colloid  constituents  of  the  circulating  blood." 
The  present  data  point  strongly  to  the  conclusion  that  some  protein 
does  pass  in  directly  in  the  case  of  shock  although  it  might  not  be  im- 
possible to  explain  bH  of  our  data  on  the  assumption  that  the  protein 
is  carried  back  into  the  blood  stream  by  the  lymph.  The  rapidity 
mth  which  it  occurs,  however,  speaks  against  this. 
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Fig.  1.  ChaoEes  in  total  atnount  (solid  line)  and  per  cent  (broken  line)  of 
plasma. protein  N  in  a  normal  animal,  d(^  7,  and  in  an  asphjrxiated  animal,  dog 
10.    Time  of  taking  let  sample  is  indicated  by  0,  the  end  of  the  injection  by  0'. 

S.-  Urine.  The  urine  in  the  case  of  dog  13,  a  shocked  animal,  con- 
tains no  sugar  in  spite  of  the  hyperglycemia  which  far  exceeds  the  nor- 
ma! overflow  threshold.  This  dog  was  in  rather  severe  shock  and  the 
absence  of  glycosuria  is  probably  due  to  the  fact  that  no  urine  was  se- 
creted after  shock  developed.  The  fact  that  additional  samples  of 
urine  could  be  drawn  probably  means  that  the  bladder  had  not  been 
completely  emptied  of  its  pre-shock  urine.  Dog  15  was  in  better  con- 
dition and  excreted  urine  containing  sugar. 
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4.  Non-toxtctty  of  the  acacia-glucose  solution.  It  was  our  mtention  in 
these  experiments  to  produce  a  grade  of  shock  that  would  prove  fatal 
in  a  few  hours  and  in  this  we  succeeded.  Some  of  the  aoiinala  wete 
almost  moribund  when  the  solution  was  administered.     In  do   case 


Fig.  2.  Changes  in  toUl  amount  (solid  line)  and  p«r  cent  (broken  line)  of 
plasma  total  N  in  a  shocked  animal,  dog  13.  Letters  designate  times  of  pro- 
cedures, as  follows:  a — cava  clamped;  b — clamp  removed;  c — injection  started; 
d — injection  ended.  Time  of  taking  let  sample  is  designated  by  0,  while  /,  f, 
etc.,  designate  hours  after  taking  let  sample  up  until  end  of  injection.  The  end 
of  the  injection,  when  the  3rd  sample  is  taken,  is  designated  by  0',  while  1',  t', 
etc.,  designate  hours  after  end  of  injection. 

were  any  untoward  effectB  observed  as  a  result  of  the  injection;  the 
blood  pressure,  heart  action* and  respiration  always  were  benefited. 
The  rectal  temperature  was  practicsJly  unchanged.  In  one  case  a 
slight  albuminuria  was  observed  in  one  sample,  but  microscopic  exami- 
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nation  revealed  large  numbers  of  spermatozoa.  The  albuminuria  had 
disappeared  in  the  next  sample.  Casts,  hematuria  or  hemaglobinuria 
were  never  observed.  No  hemolysis  occurred  as  a  result  of  the  injec- 
tions, some  slight  laking  being  present  in  several  plasma  samples  but 
it  was  no  more  evident  in  samples  taken  after  the  injection  than  in 
those  taken  before.  This  laking  is  attributed  to  the  ether.  These 
findings  in  regard  to  the  non-toxicity  of  gum  acacia  are  in  accord  with 
those  of  Bayliss  (36),  who  discusses  the  rather  misleading  statements  of 
Kruse  (30)  as  to  the  toxic  effects  observed  after.the  injection  of  aracia. 

SDMHABT  AND   CONCLUSIONS 

A  Strongly  hypertonic  glucose  and  gum  acacia  solution  was  injected 
intravenously  into  norma.1,  asphyxiated  and  shocked  dogs,  and  the 
resultant  changes  in  blood  volume  and  composition  were  studied. 

The  immediate  effect  was  a  marked  increase  in  blood  volume; 'in 
normal  ajid  asphyxiated  ftnimj'-lf!  the  blood  volume  then  gradually  fell 
toward  but  did  not  completely  return  to  normal  in  several  hours. 

The  blood  volume,  markedly  diminished  in  shock,  is  increased  to 
above  its  normal  level  by  the  injection  and  then  gradually  falls  to  or 
below  its  normal  level. 

The  absolute  plasma  protein  is  increased  slightly  or  not  at  all  in  normal 
animals  and  in  asphyxiated  animals;  in  an  animal  which  had  been  bled 
there  was  a  slight  increase  when  the  amount  withdrawn  was  allowed 
for.  The  absolute  amount  of  plasma  protein  is  markedly  diminished 
in  shock,  is  increased  by  the  injection  and  the  increase  continues  for 
some  time  after  the  injection.  It  is  believed  that  at  least  a  part  of  the 
increase  in  plasma  protein  following  the  injection  in  shock  is  due  to  a 
passage  of  protein  in  through  the  vessel  walls. 

Gum  acacia  seems  to  take  the  place  of  plasma  protein  in  holding 
water  in  the  circulation. 

There  is  a  marked  hypei^Iycemia  immediately  aiter  the  injection  in 
normal  animals;  this  is  accentuated  by  morphine  and  asphyxia.  The 
blood  sugar  value  falls  to  or  nearly  to  normal  within  2  hours.  In 
shocked  animala  the  blood  sugar  behaves  much  as  in  normal  animaJs. 
There  is  only  a  trace  of  sugar  excreted  by  normal  animals  excepting 
when  morphine  or  asphyxia  cause  marked  glycosuria.  Shocked  animals 
without  morphine  excrete  some  sugar  unless,  as  a  result  of  the  shock, 
there  is  a  suppression  of  urine. 
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The  fluid  drawn  into  the  blood  stream  brings  with  it  chlorides  in  ccmi- 
centration  equal  to  the  chloride  concentration  of  plasma  but  the  dif- 
fusion into  the  blood  stream  of  sufficient  additional  chlorides  to  bring 
the  chloride  concentration  of  injected  fluid  up  to  that  of  plasma  is  not 
complete  for  several  hours. 

The  entrance  of  urea  into  the  plasma  takes  place  with  such  facility 
that  the  non-protein  nitrogen  concentration  of  the  plasma  remains 
constant. 

There  is  no  suppression  of  xaine  in  normal  animals  as  a  result  of  the 
injection,  if  anything  the  rate  of  secretion  is  slightly  increased. 

The  crystalloid  osmotic  tension  of  the  plasma  does  not  remain  con- 
stant. 

No  hemolysis,  hematuria,  hemoglobinuria,  albuminuria,  cylindruria, 
fluctuations  in  body  temperature  or  any  other  untoward  eftecta  were 
observed  as  a  result  of  the  injections. 

The  authors  wish  to  thank  Dr.  W.  H.  Olmsted,  of  the  Department  of 
Internal  Medicine,  for  his  kindness  in  extending  the  facilities  of  his 
laboratory  for  carrying  out  many  of  the  determinations  and  for  several 
valuable  suggestions  on  points  of  analytical  technique. 
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INTRODDCTION 

The  Bigmficance  of  the  blood  stream  in  the  capillary  bed  for  the  nutri- 
tive procegscs  of  the  body  ie  well  recognized.  But  it  is  only  in  recent 
times  that  emphasis  has  been  laid  on  the  capillaries  as  a  factor  in  the 
dynamics  of  the  circulation.  It  is  the  purpose  of  this  paper  to  present 
evidence  in  support  of  the  behef  that  the  capillaries  and  venules,  as  well 
as  the  arterioles,  respond  to  direct  chemical  stimulation  and  also  to  in- 
direct stimulation  through  the  intervention  of  nerve  fibers.  If  this 
proof  is  established,  the  functional  activity  of  the  capillary  and  venous 
beds  must  henceforth  increase  in  both  theoretical  and  practical  impor- 
tance. In  the  first  place  local  tissue  needs  may  by  direct  chemical 
action  control  the  capillary  blood  streaming  through  the  part  as  shown 
so  clearly  by  Krogh  (1)  for  muscle.  In  the  second  place,  the  capillaries 
and  venous  fields  being  under  the  influence  of  the  central  nervous  sys- 
tem, it  follows  that  local  vascular  reflexes  (2)  and  systemic  vascular 
reflexes  undoubtedly  depend  upon  the  cooperation  of  the  capillary 
and  venule  with  the  arteriole;  that,  in  other  words,  the  peripheral 
resistance,  both  functional  and  static,  includes  arteriole,  capillary  and 
venule.  And  in  the  third  place  the  effective  blood  volume,  both  fluid 
and  corpuscular,  must  be  subject  to  alteration  and  regulation  to  a 
very  significant  degree. 

Most  of  the  work  on  the  function  of  the  capillaries  hitherto  reported, 
except  the  recent  paper  by  Krogh  just  mentioned,  has  been  done  on  the 
frog  in  which  the  transparency  of  the  tissues  permits  microscopic 
visualization  of  these  vessels.  It  is  possible,  however,  using  Lom- 
bard's method  of  a  drop  of  oil  on  the  skin  (3)  to  extend  such  studies  to 
the  mammal.  Furthermore,  most  of  the  recent  evidence  in  the  mammftl 
bears  upon  dilatation  of  capillaries.    It  may  be  assumed  that  a  vessel 
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vrhich  is  shown  to  dilate  must  also  contract,  but  the  direct  evidence  has 
hitherto  been  lacking.  Nor  is  there  much  evidence  that  the  blood 
capiUary  and  the  venule  are  under  nervous  control. 

HISTORICAL 

The  first  evidence  that  capillaries  have  the  power  independently  to 
change  their  caliber  was  published  in  1858.  In  that  year  Lister  (4),  de- 
scribing the  early  stages  of  infiammation,  pictured  with  camera  lucida 
drawings  a  very  great  increase  in  the  caJiber  of  the  capillaries  in  in- 
flamed tissue.  This  observation  was  followed  by  the  studies  of  Strieker 
published  some  seven  years  later  (5).  Strieker  obser\'ed  the  capil- 
laries in  the  nictitating  membrane  of  the  frog  to  dilate  and  to  constrict. 
The  constriction  was  less  evident  than  the  dilatation  and  appeared  to 
be  due  to  two  processes,  one  a  nuclear  swelling  and  the  other  an  actual 
contraction  of  the  endothehal  protoplasm.  These  rcsultE  were  ob- 
tained in  tissue  removed  from  the  body  and  therefore  deprived  of  its 
blood  supply,  and  Strieker  himself  is  not  convinced  that  they  are  not 
due  to  lethal  changes  in  the  tissue.  This  possibility  is  supported  by 
figure  4  in  his  paper,  which  pictures  a  change  in  shape  of  a  capillary 
vessel  which  must  be  extremely  unusual  if  compatible  with  functional 
activity.  In  a  second  paper  pubUshed  the  following  year  Strieker  (6) 
describes  further  experiments  with  the  nictitating  membrane  of  the 
fn^  removed  from  the  body  and  examined  in  the  aqueous  humor 
under  the  microscope.  Many  of  these  preparations  were  entirely 
unsatisfactory  but  a  few  of  them  gave  beautiful  responses  to  stimula- 
tion by  ammonia  vapor.  .  When  the  tissue  was  exposed  to  ammonia 
vapor  for  three  or  four  seconds  and  then  examined  under  the  micro- 
scope, Strieker  saw  the  capillary  lumina  almost  disappear  and  then 
dilate  wide  enough  for  a  corpuscle  to  pass.  This  phenomenon  occurred 
about  twice  in  fifteen  minutes.  Further,  Strieker  observed  a  varicosity 
on  a  capillary  which  moved  forward,  suggesting  peristaltic  activity 
on  the  part  of  the  endothelial  tube.  When  the  capillaries  thus  under 
observation  contracted  they  became  practically  invisible  but  could  be 
readily  seen  again  after  the  contraction  had  passed  off.  Strieker 
likewise  employed  electrical  stimulation.  The  procedure  which  he 
-used  is  not  clear  but  with  it  he  obtained  repeatedly  good  results  on 
various  specimens.  When  stimulated,  the  capillaries  would  contract 
almost  instantaneously  and  dilatation  would  follow  a  moment  or  more . 
after  the  cessation  of  the  stimulus.    After  a  few  applications  of  the  stim- 
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ulus  no  further  respoDsc  could  be  obtaioed.  Even  better  results  were 
had  in  the  case  of  the  capillaries  of  the  tail  of  the  living  tadpole.  These 
vessels  were  fotind  to  respond  to  mechanical,  chemical  and  electrical 
stimulation.  Of  these,  chemical  stimulation  was  apparently  by  far  the 
most  effective.  Strieker  regarded  these  changes  as  due  to  a  turges- 
cence  of  the  capillary  endothelium  such  that,  without  change  of  the 
outside  diameter  of  the  vessel,  the  lumen  was  altered  in  size  due  to  a 
thickening  of  the  wall  (7). 

Although  Cohnheim  (S),  among  others,  contested  Strieker's  view 
that  the  capillaries  possess  inherent  contractility  in  the  sense  just 
defined,  confirmatory  evidence  was  quickly  forthcoming.  Strieker's 
work  was  followed  by  that  of  Golubew  (9),  who  confirmed  the  obser- 
vation that  capillaries  change  their  size  under  varying  conditions,  and 
advanced  the  observation  that  certain  spindle  elements  on  the  capillary 
walls  contract  into  spheres,  thus  occluding  the  lumina  of  the  vessels 
and  so  functioning  as  a  conetriction.  This  notion  of  the  mechanism 
of  capillary  function  was  supported  a  few  years  later  by  Tarchanoff  ( 10) . 
This  author  used  alcohol,  ether,  ammonia,  ferric  chloride  and  acetic 
acid  as  well  as  heat.  These  procedures  caused  the  so-called  spindle 
elements  to  swell  and  so  to  occlude  the  lumina,  but  it  was  not  un- 
common to  find  that  the  vessels  fwled  to  dilate  after  the  stimulus  was 
removed. 

In  1878  Severini  (11)  published  a  monographic  study  of  the  capil- 
laries in  which  he  states,  among  other  things,  that  the  application  of 
oxygen  causes  the  capillaries  to  contract,  while  the  application  of  COi 
causes  them  to  dilate.  Severini  appears  to  be  of  the  opinion  that  these 
gases  act  chiefly  on  the  spindle  elements  described  by  Golubew.  The 
observations  were  made  upon  the  frog  but  also  upon  the  capillaries  in 
the  mesentery  of  the  guinea  pig,  Tarchanoff  was  unable  to  confirm 
these  observations  of  Severini's,  nor  was  Roy,  working  with  von 
Mehring  in  1879,  able  to  confirm  them.  In  1879  Roy  and  Brown  (12) 
published  their  very  important  paper  describing  observations  on  the 
capillary  blood  pressure  in  the  frog.  These  authors  were  convinced 
that  the  capillaries  have  the  power  of  independent  contractility  and 
that  their  caliber  is  not,  as  was  believed  by  many,  due  to  passive 
changes.  They  foimd  that  there  was  httle  difference  in  the  size  of  the 
capillaries  of  the  frog's  web  before  and  after  the  leg  was  amputated. 
Dilatation  of  the  capillaries  was  also  observed  on  the  application  of 
chloroform,  and  it  was  also  noted  that  the  capillaries  dilated  as  the 
result  of  Goltz's  "klopfversueh."    These  authors  were  of  the  opinion 
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that  it  18  the  whole  capillary  and  not  the  spindle  elements  of  Golubew 
which  contract.  They  observed  that  local  anemia  produced  by  com- 
pression of  the  area  under  observation  results  in  a  subsequent  hyper- 
emia which  is  accompanied  by  a  dilatation  of  arteritdes,  capillaries  and 
venules.  This  latter  phenomenon  occurred  after  section  of  the  sciatic 
nerve  when  stimulation  of  the  nerve  caused  a  strong  contraction  of  the 
arterioles.  It  is  interesting  that  they  observed  only  a  contraction  of 
arterioles  on  nerve  stimulation.  Since  this  procedure  failed  to  elicit 
changes  in  the  capillaries,  they  conclude  that  the  functional  activity 
noted  in  the  latter  vessels  must  be  due  to  some  local  mechanism  and 
they  favor  the  conception  that  it  is  due  to  a  direct  chemical  action  upon 
the  endothelium  rather  than  upon  the  functional  existence  of  what 
they  refer  to  as  peripheral  vasomotor  ganglia.  The  latter  conception 
accords  with  what  we  now  speak  of  as  axon  reflexes,  which  Krc^h  has 
recently  invoked  to  explain  localized  dilatation  of  capiUaries  following 
punctate  stimulation  (13).  More  recently  Biedl  (1894)  saw  the  periph- 
eral vessels  (arterioles,  capillaries  and  venules)  all  contract  in  the 
frog's  mesentery  on  the  application  of  salt  solution  at  iS'C,  and  dilate 
again  when  the  heat  was  removed  (14), 

Mayer  in  1885  (15)  ^ain  observed  the  endothelium  of  the  capil- 
laries to  contract  under  electrical  stimulation.  The  evidence  that  the 
lymphatic  vessels  throughout  the  body  are  contractile  is-very  strong. 
The  phenomenon  was  observed  by  Mayer  and  by  Elliott  Clark  (16) 
and  others  in  the  tail  of  batrachian  larvae.  Histological  evidence 
makes  it  perfectly  clear  that  the  lymphatic  capillarieB  are  supplied  with 
nerve  fibers.  These  fibers  have  been  obser%-ed  and  pictured  a  number 
of  times  (Kytmanof,  17),  and  Camus  and  Gley  (18)  have  obtained 
graphic  records  of  the  functional  response  of  the  larger  lymphatics  to 
electrical  stimulation  of  nerves.  Sabin,  in  a  comprehensive  article  on 
the  origin  and  development  of  the  lymphatic  system  (19),  has  coUected 
these  data  in  a  convincing  manner.  The  lymphatic  and  blood 
capillaries  are  essentially  similar  in  histological  structure.  The  evi- 
dence that  the  blood  capillaries  are  innervated  is  not  so  well  established 
as  is  the  case  with  the  lymphatics,  nevertheless  there  appears  to  be 
little  doubt  of  the  fact.  Shaffer  states  that  nerve. fibers  may  be 
found  to  follow  each  individual  blood  capillary  in  the  rabbit's  mesen- 
tery (20).  Anatomical  knowledge  therefore  furnishes  adequate  grounds 
for  the  expectation,  supported  by  experimental  work  on  the  frog, 
that  the  mammalian  blood  capillaries  will  be  shown  to  be  contractile 
and  under  the  control  of  the  nervous  system. 
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In  1903  Sleinach  and  Kahn  (21)  published  an  extensive  paper  on  the 
contractility  of  the  capiilarics.  Their  observations  were  directed  abnoet 
wholly  to  the  effect  of  direct  electrical  stimulation  in  the  frog.  They 
used  the  excised  nictitating  membrane  from  the  frog  and  observed, 
contrary  to  the  findings  of  Strieker  and  Bicdl,  an  actual  collapse  of 
the  whole  capillary  tube.  According  to  these  writers  the  collapse  is 
due  to  activity,  not  of  the  endotheUum  as  such,  but  of  the  perivascular 
cells  described  by  Rouget  (22)  and  Mayer  (15)  bo  that  the  endothelial 
capillary  tube  is  collapsed  by  a  passive  infolding  of  the  tissue.  The 
venules  were  also  observed  to  contract. 

Analogous  results  were  demonstrated  in  the  omental  capillaries  of 
kittens  and  guinea  pigs.  The  technical  procedure  used  for  these  ani- 
mals is  not  described  and  capillaries  of  less  than  10  ^  were  not  seen  to 
contract.  They  believe  that  the  vessels  which  they  actually  saw 
contract  belong,  however,  to  the  category  of  capillaries. 

Finally,  in  a  frog  preparation  which  is  described  in  great  detail,  they 
obtained  contraction  in  the  capillaries  of  the  nictitating  membrane  upon 
stimulation  of  the  sympathetic  fibers  which  leave  the  cord  in  the  third, 
'  fourth  and  fifth  spinal  roots.  The  latency  of  contraction  was  four  to 
five  seconds,  sometimes  twenty  seconds^  as  compared  with  a  latency  of 
one  to  three  seconds  by  direct  stimulation.  It  was  not  uncommon  to 
observe  rhythteic  contractiUty  of  the  capillaries  after  the  stimulus  had 
ceased.  Galvanic  was  more  efficacious  than  faradic  stimulation  and  it 
appears  that  an  exceedingly  powerful  stimulus  was  required — twelve 
Daniell  cells. 

In  recent  times  attention  has  been  again  focusaed  on  the  functional 
significance  of  the  capillary  bed  largely  as  the  result  of  the  work  (A 
Dale  and  his  collaborators  in  the  study  of  histamine  shock  (23).  Dale 
has  advanced  the  h>'pothesis  that  histamine  is  an  endothelial  poison 
which  paralyzes  the  capillary  wall  so  that  a  marked  dilatation  occurs. 
With  this  dilatation  there  results  a  pooling  of  blood  in  the  capillaries 
sufficient  to  account  for  the  marked  fall  in  blood  pressure  found  in 
conditions  of  shock.  As  the  result  of  the  work  of  Bayhss  (24)  and 
Cannon  (25)  and  of  Abel  and  Kubota  (26),  it  would  appear  that  a  his- 
tamine-like  substance  may  be  produced  in  the  body  as  the  result  of 
tissue  injury  sufficient,  under  certain  conditions,  to  account  for  the 
primary  symptoms  of  shock.  So  that  today  the  opinion  is  quite  nidely 
held  that  histamine  or  a  histamine-hke  body  plaj's  an  important  part 
in  functional  processes  of  the  body.  This  applies  not  only  to  patho- 
logical states  such  as  shock,  but  Abel  and  Kubota  have  advanced  the 
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conception  that  such  a  substance  is  significant  in  normal  physiolt^ical 
processes  regulating  the  distribution  of  the  blood. 

In  an  important  contribution  to  this  subject,  Krogh  (1)  has  recently- 
shown  that  an  enormous  increase  in  patent  capillaries  may  be  demon- 
strated in  active  muscle  as  compared  with  resting  muscle.  This  .in- 
crease may  indeed  amount  to  more  than  700  per  cent.  Krogh  noted 
that  electrical  stimulation  and  massage  open  up  many  new  capillaries 
and  that  electrical  stimulation  enlai^es  the  capillaries  already  patent. 
He  regards  the  mechanism  for  the  regulation  of  the  capillary  capacity 
as  being  in  the  capillaries  themselves;  that  is,  as  due  to  some  chemical 
regulation  or  eke  as  associated  with  an  axon  reflex  mediated  throt^h 
the  sensory  nerve  fibers.  He  observed  that  scratching  the  tongue  of 
an  urethaoized  frog  with  a  glass  needle  caused  a  local  h>-peremia  with 
dilatation  of  the  capillaries  and  arterioles  (13).  A  closed  capillary  thus 
made  to  dilate  opens  from  the  venous  end  with  the  appearance  of  a 
reversed  corpuscular  flow.  When  the  dilatation  reaches  the  arterial 
end  of  the  capillary,  the  blood  stream  suddenly  assumes  the  normal 
direction.  Since  cocaine  ww  found  to  abolish  this  reaction,  Krogh 
was  forced  to  the  assumption  that  it  was  an  axon  reflex.  He  found 
that  cocaine  also  aJx)Udies  (he  dilatation  caused  by  the  application  of 
iodine  but  does  not  a^ect  the  dilatation  caused  by  acids.  Section  of 
nerves  suppljdng  the  part  under  investigation  at  flrsLdid  not  affect 
the  response  to  chemical  and  mechanical  stimulation.  For  some  days 
after  the  nerve  section  the  tissues  were  hyperemic  and  the  capillaries 
responded  normally  to  stimulation.  Later  on,  however,  the  bypeTemia 
disappeared  and  the  capillaries  reacted  only  with  a  very  localized  re- 
sponse. From  these  and  other  observations  Krogh  concludes  that  the 
capillaries  dilate  and  contract  independently  of  the  general  blood 
pressure,  and  that  the  spread  of  response  in  the  capillaries  is  due  to  a 
local  axon  reflex,  probably  along  the  sensory  fibers. 

Another  line  of  evidence  for  the  contractihty  of  the  capillary  is 
found  in  the  tache  originally  described  by  Marey  (27)  in  the  human 
being.  If  a  blunt-pointed  instrument  is  drawn  across  the  skin  a  white 
line  is  left  which  turns  to  red  in  a  few  seconds.  In  certain  cases  the 
red  line  may  be  bordered  with  white  and  develop  a  definite  urticarial 
wheal.  Clinically  this  condition  is  regarded  as  indicative  of  vasomotor 
insufficiency.  Marey  explained  it  as  due  to  a  localized  contraction  and 
dilatation  of  the  capillaries.  Bloch  (28)  thought  there  was  no  evi- 
dence that  the  capillaries  actually  contracted.  According  to  him  the 
red  represented  capillary  dilatation  while  the  neighboring  pallor  was 
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due  to  a  drainage  of  blood  into  the  vessels  which  dilated  because  of  the 
mnchauical  injury, 

Ryan  (29)  has  sought  to  standardize  this  test  for  application  in 
various  forms  of  fatigue.  Cotton,  Slade  and  Lewis  (30)  found  the 
reaction  well  developed  in  cases  of  soldiers  with  irritable  heart  and 
adduced  new  evidence  in  support  of  the  belief  that  it  is  a  capiUuy 
phenomenon.  The  red  line  and  neighboring  pallor  may  still  be  dem- 
onstrated after  the  circulation  in  the  arm  has  been  shut  off  with  a 
sphygmomanometer  cufT.  Hence  they  conclude  that  the  arterioles 
and  venules  cannot  participate  in  the  production  of  the  red  line  be- 
cause there  is  no  excess  pressure  available  to  dilate  these  vessels.  If 
the  arm  be  raised  before  the  pressure  cuff  is  appUed  the  reaction  cannot 
be  demonstrated  becauBC  the  skin  is  depleted  of  blood.  On  the  other 
hand,  if  the  arm  be  lowered  before  the  pressure  is  applied,  the  reaction 
is  vivid  because  there  is  an  excess  of  blood  in  the  skin. 

These  investigators  incidentally  show  that  epinepbrin  constricts  the 
capillaries.  When  epinepbrin  is  injected  into  the  skin  the  resulting 
pallor  is  to  be  regarded  as  due  to  a  contraction  of  the  arterioles  which 
shuts  off  the  blood  from  the  distal  capillaries.  If  such  an  injection  be 
made,  however,  after  the  blood  flow  in  the  ^rm  has  ceased  as  the  result 
of  occlusion  by  a  blood  pressure  cuff,  pallor  is  still  produced.  Since 
constriction  of  the  arterioles  would  now  have  no  effect  in  stopping  the 
flow  of  blood  into  the  capillaries,  the  pallor  which  results  must  be  due 
to  constriction  of  the  capillaries  themselves.  This  observation  that 
the  local  appUcation  of  epinepbrin  constricts  the  capillaries  is  especially 
interesting  in  conjunction  with  the  work  of  Sollmann  (31)  who  showed 
that  histamine  also  locally  applied  develops  an  urticarial  wheal. 

Very  recently  Thaysen  (32)  has  reported  quite  remarkable  oscilla- 
tions in  the  red  cell  count  in  a  case  of  polycythemia.  On  one  occasion 
be  recorded  an  increase  from  5.3  million  to  10.6  million  in  the  course  of 
twelve  hours.  His  investigations  and  tests  showed  that  these  fluctua* 
tions  were  caused  by  varying  contraction  and  dilatation  of  the  capil- 
laries and  precapillaries  of  the  skin.  This  writer  is  reported  to  believe 
that  careful  observations  would  reveal  similar  results  in  other  cases  of 
polycythemia  in  which  the  vasomotor  system  is  so  unstable  that  the 
condition  might  be  called  one  of  vasomotor  or  capillary  ataxia.  These 
observations  arc  an  extreme  instance  of  the  well  recognized  difficulty  in 
obtaining  consistent  red  cell  counts  in  many  clinical  cases.  It  would 
be  of  very  great  interest  and  importance  to  know  if  such  fluctuations 
are  indeed  due  to  alterations  in  capillary  tone. 
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The  technique  followed  in  the  experiments  wliich  form  the  basis 
of  this  paper  was  very  simple.  Cats  were  used  exclusively.  After 
anesthesia  was  established  the  animal  was  placed  on  a  flat  holder  so 
that  the  back  of  the  head  and  ears  rested  on  the  same  plane  with  the 
vertebral  column.  The  ear  to  be  observed  was  shaved  and  thoroughly 
cleaned  and  dried.  By  means  of  a  heavy  thread  through  the  upper 
lip  the  head  was  so  held  that  an  ear  flattened  out  against  the  board. 
This  Battening  of  the  surface  was  further  accentuated  by  sealing  the 
ear  to  the  board  with  collodion.  A  microscope  giving  a  magnification 
of  about  70  X  was  adapted  for  adjustment  over  the  animal  holder  and 
a  strong  artificial  light  arranged  to  give  direct  illumination  of  the 
area  at  an  angle  of  approximately  45  degrees  completed  the  equipment. 
Castor  oil  was  flooded  over  the  field  at  the  outset  and  occasionally  durii^ 
the  observations. 

With  such  an  arrangement  a  flat  vascular  plexus  can  easily  be  found 
preferably  in  the  neighborhood  of  the  tip  of  the  ear  in  which  the  cor- 
puscular flow  in  the  finer  vessels  can  be  readily  followed  for  an  indefi- 
nite period.  In  this  region  the  skin  hes  loosely  attached  to  the  connec- 
tive tissue  which  forms  the  framework  of  the  ear.  There  is  no  muscle 
other  than  that  in  the  blood  vessels  which  might  indirectly  influence 
the  vascular  area  under  observation.  Animals  with  little  pigment  in 
the  skin  are  preferable  but  it  is  far  from  impossible  to  obtain  good 
visualization  of  the  capillary  network  and  venules  even  when  a  con- 
siderable amount  of  pigment  is  present.  One  sees  vessels  of  various 
size,  capillaries  with  red  cells  streaming  through  in  single  file  up  to 
larger  vessels  in  which  the  corpuscles  are  packed  in  a  thick  column. 
The  picture  is  essentially  like  that  seen  in  the  transparent  tissues  of 
the  frog.  Vessels  exhibiting  pulsation  are  infrequent;  probably  the 
arteries  and  arterioles  take  a  deeper  course  while  the  capillaries,  venules 
and  veins  lie  quite  superficially,  as  is  indicated  to  the  unaided  eye. 
The  capillaries  ramify  freely  particularly  about  the  hair  follicles  and 
considerable  areas  are  readily  found  in  which  the  network  forms  a 
horizontal  plane  and  therefore  is  easily  visualized  without  change  of 
focus.  It  should  be  emphasized  that  with  the  magnification  employed 
one  does  not  sec  the  capillary  wall;  it  is  only  by  the  presence  of  the 
red  blood  cells  that  the  capillaries  are  recognized.  Consequently 
when  the  vessels  are  emptied  of  blood  the  field  becomes  a  blank  so  far 
as  the  smaller  vessels  are  concerned. 
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Attention  may  be  directed  to  the  fact  that  our  present  conception 
that  the  red  blood  cells  course  through  the  capillaries  in  single  file  Tests 
upon  obser\-ations  of  the  capillary  circulation  in  the  frog.  In  this  ani- 
mal the  corpuscles  are  extremely  large  as  compared  with  the  same 
cells  in  the  mammal  (frc%  22  x  16  ^,  cat  6  n,  man  8  m)  bo  that  the 
reason  for  the  prevalent  opinion  ifi  obvious.  In  the  mammalian  capil- 
lary circulation,  including  that  of  man  (33),  corpuscles  may  sometimes 
be  seen  moving  in  this  manner  but  it  is  much  more  usual  to  find  the  cap- 
illaries with  lumina  sufficient  to  allow  more  than  one  corpuscle  to  pass 
at  a  time.  This  difference  is  doubtless  due  to  the  higher  rate  of  metab- 
olism in  the  mammal.  There  is  likewise  a  much  more  rapid  movement 
of  the  corpuscles  in  the  warm  than  in  the  cold  blooded  animals.  There- 
fore to  restrict  the  capDlary,  in  the  mammal,  to  blood  vessels  in  which 
the  corpuscles  move  slowly  and  in  single  file  is  not  strictly  consonant 
with  the  facts. 

Posl-morUm  behavior  of  vessels.  If  in  the  preparation  aa  above  de- 
scribed ether  be  poured  down  the  tracheotomy  tube  and  the  animal  be 
thus  killed,  the  movement  of  blood  at  first  comes  to  a  sudden  stop. 
Then  the  corpuscles  clump  slightly  and  shortly  begin  to  move  forward 
in  the  normal  direction.  This  movement,  at  first  noticeable  in  the 
capillaries,  extends  to  the. venules  and  there  is  a  slow  and  gradual 
progression  of  blood  toward  the  larger  veins.  The  appearance  is  as  if 
no  blood  entered  the  capillaries  from  the  arterial  side  and  that  a  milk- 
ing process,  akin  to  peristalsis,  swept  the  c<HpUBcleB  onward  toward 
the  vein.  When  the  process  is  complete  it  may  be  found  that  here  and 
there  in  the  capillary  net  a  few  clumped  corpuscles  are  locked  as  if 
the  constriction  of  the  vessel  had  failed  to  carry  on  the  last  of  its 
contents. 

These  events  occupy  varying  lengths  of  time  in  different  animals. 
They  may  develop  completely  in  a  few  minutes  or  they  may  last  half 
an  hour  or  more.  The  completeness  with  which  the  vessels  empty  is 
also  a  varying  factor.  Sometimes,  particularly  in  old  and  debilitated 
animals,  the  blood  may  not  be  moved  at  all;  sometimes  the  field  is 
swept  absolutely  free  of  blood  but  more  often  a  few  clumps  of  cor- 
puscles are  left  stranded,  particularly  in  the  venules.  The  atagnation 
of  these  clumped  corpuscles  is  significant  in  that  they  give  direct  evi- 
dence of  the  contraction  of  the  venules  since  their  diameter  is  readily 
appreciated  to  be  less  than  was  that  of  the  same  section  of  the  vessel 
prior  to  death. 
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The  condition  of  the  vessels  as  thus  described  prevails  for  some 
time,  fifteen  minutes  or  more.  Then  a  remarkable  change  occurs  for 
the  vessels  begin  to  relax  and  fill.  Close  observation  reveals  that 
relaxation  first  develops  on  the  venous  side  and  that  the  blood  flows, 
slowly  at  first,  then  quite  rapidly,  from  vein  to  venule  to  capillary, 
and  that  by  the  end  of  approximately  an  hour  the  vascular  area  is 
filled  again  and  filled  full  with  the  indication  that  capillaries  invisible 
before  death  are  How  widely  open. 

One  further  change  remains  to  be  mentioned:  an  indefinite  time  after 
the  relaxation  and  filhng  of  the  capillaries  just  described,  the  vascular 
net  is  once  more  emptied  of  blood.  This  change  is  roughly  coincident 
with  the  onset  of  skeletal  muscle  rigor  and  after  it  is  once  developed 
there  is  apparently  no  tendency  to  a  reversal,  at  least  after  four  days 
there  was  in  one  instance  no  sign  of  blood  in  the  smaller  vessels. 

The  foregoing  description  of  the  post-mortem  appearances  of  the 
peripheral  vascular  bed  is  substantiated  by  the  photograph  reproduced 
in  figure  1.  In  the  technique  of  photographing  these  vessels  two  major 
difficulties  had  to  be  overcome,  especially  when  applied  to  the  living 
animal.  The  first  was  to  provide  sufficient  illumination  without  heat 
to  cut  down  the  exposure  time  so  as  to  avoid  accidental  movements. 
This  was  accomplished  by  the  use  of  an  ate  light  projection  lantern 
without  the  bellows  and  projecting  lenses.  The  lantern  was  tilted  at 
approximately  forty-five  degrees  and  so  placed  that  the  light  rays  were 
concentrated  almost  to  a  focus  on  the  part  to  be  photographed  at  a 
distance  of  about  60  cm.  from  the  source  of  light.  The  second  diffi- 
culty was  to  overcome  the  movements  of  the  ear  due  to  respiration 
which,  however  shght,  were  sufficient  when  magnified  to  spoil  the 
picture  in  the  requisite  exposure  of  thirty  seconds.  In  some  animals 
the  respiration  was  quiet  enough  not  to  be  a  disturbing  factor  but  in 
the  majority  of  cases  a  clear  picture  could  not  be  obtained.  In  the 
latter,  resort  was  therefore  had  to  artificial  respiration  for  a  couple 
of  minutes  before  the  picture  was  taken.  The  apnoea  which  resulted 
was  adequate  to  the  requirements. 

For  observation  alone  the  nictitating  membrane  has  some  advantages 
over  the  ear.  In  the  cat  it  usually  offers  a  perfectly  white  ground  on 
which  the  vessels  stand  out  with  exquisite  definition.  Arterioles,  capil- 
laries and  venules  are  readily  recognized  and  less  illumination  is  re- 
quired. Probably  the  vessels  have  less  covering  tissue  over  them. 
Salt  solution  instead  of  oil  must  of  course  be  used  to  keep  the  tissue 
moist.  A  thread  passed  throi^  the  cartilaginous  edge  may  serve  to 
spread  the  membrane  over  the  eye  ball. 
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This  area  of  tissue  is,  however,  ill-adapted  for  photographs.  It  suf- 
fers more  than  the  ear  from  respiratory  movements  and  the  arterial 
pulsation  both  in  the  vessels  of  the  tissue  itself  and  in  the  underlying 
eye  ball  cannot  be  overcome.  In  addition  to  these  difficulties  activity 
in  the  smooth  muscle  of  the  membrane  itself  cannot  be  controlled  with 
the  result  that  the  focal  plane  cannot  be  maintained.  Finally,  and 
most  important  for  the  work  in  hand  this  tissue  cannot  be  easily  brought 
below  the  heart  level.  It  follows  that  passive  drainage  of  the  vessels 
may  therefore  result  if  the  circulation  stops. 

The  area  photc^raphed  was  magnified  ninety  times  in  most  of  the 
pictures  taken.  A  larger  magnification  than  this  led  to  trouble  be- 
cause slight  differences  of  position  of  the  plate,  which  could  not  be 
avoided,  resumed  in  a  poor  focus.  The  vessels  were  focussed  on  the 
grownd  glass  plate  of  the  camera  at  the  beginning  of  an  experiment 
and  as  a  rule  this  focus  was  not  changed.  A  focal  error  frequently 
crept  in,  however,  due  it  is  presumed  to  changes  in  turgidity  of  the 
underlying  tissues  so  that  the  results  so  far  as  the  relative  size  of  a 
vessel  is  concerned  are  not  wholly  trustworthy  in  the  case  of  capil- 
laries. Conspicuous  changes  in  the  size  of  the  larger  vessels  may  be 
relied  upon  because  such  changes  can  be  readily  recognized  by  the  eye 
when  using  the  microscope  without  the  camera.  As  to  the  capillaries, 
their  presence  or  absence  in  the  picture  should  be  the  sole  criterion. 
If  a  capillary  has  disappeared  or  if  its  continuity  is  broken  it  is  proper 
to  assume  that  it  has  constricted  because,  as  has  been  stated,  the  vessels 
under  inspection  lay  below  the  heart  level  and  only  active  constriction 
could  empty  them  of  corpuscular  elements. 

Using  the  procedure  above  outlined,  phoUigraphic  records  were 
olftained  from  eight  cats  in  which  no  preliminary  steps  were  taken  other 
than  etherization  and  tracheotomy.  The  animals  were  kept  under 
ether  until  a  satisfactory  control  picture  was  taken  and  then  sufficient 
ether  was  poured  down  the  trachea  to  cause  prompt  death.  Of  these 
eight  animals  three  failed  to  show  a  primary  vascular  constricticm 
shortly  after  death  and  were  not  observed  further,  and  six  showed  com- 
plete or  partially  emptied  vessels.  The  latter  group  all  showed  a  sub- 
sequent peripheral  vascular  dilatation  followed  later  by  emptying.  In 
addition  a  number  of  other  animals  were  observed,  but  not  photo- 
graphed, with  confirmatory  results. 

Figure  1  is  selected  to  exemplify  these  results.  If  shows  the  four 
stages  of  vascular  change.  Three  minutes  after  death  the  venules  are 
constricted  and  the  capillaries  largely  emptied.     Forty-five  minutes 
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after  death  the  vcnulen  are  widely  dilated  and  many  capillaries  are 
visible.  After  another  period  of  forty  minutes  all  the  blood  has  bccu 
swept  out  of  the  vessels  and  only  the  shadows  of  the  largest  vessels 
can  be  found.  The  data  at  hand  indicate  that  this  last  change  is  per- 
manent since  no  further  alteration  was  observed  to  occur  for  a  period 
of  four  days. 

It  may  be  pointed  out  here,  as  was  emphasized  by  Baylies  (20),  that 
there  is  no  inherent  difficulty  in  the  conception  that  the  protoplasm  con- 
stituting the  capillary  endothelium  undergoes  change  of  shape  and  ao 
mediates  a  constriction  of  the  vascular  lumen.  The  motility  of  amoebae 
and  of  the  white  blood  cells  of  higher  animals  is  dependent  upon  such  a 
change  of  form  and  many  other  similar  instances  could  be  mentioned. 

That  the  vascular  phenomena  above  described  are  not  dependent 
upon  the  innervation  of  the  vessels  was  shown  in  three  animals  in  which 
death  by  ether  was  produced  subsequent  to  section  of  the  cervical 
sympathetic.  In  each  of  these  cats  the  primary  constriction  was  well 
developed  in  from  one  to  four  minutes.  This  was  followed  by  dilata- 
tion and  subsequent  constriction  in  two  of  the  three.  In  the  one  which 
failed  to  show  dilatation  the  vessels  were  largely  empty  three  and  a 
half  hours  after  death. 

Death  by  ether  subsequent  to  the  intravenous  injection  of  a  dose  of 
ergamine  phosphate  sufficient  to  cause  permanent  or  transient  "shock" 
(23)  is  not  followed  by  the  same  vascular  changes.  The  intact  animal 
or  the  animal  after  section  of  the  cervical  sympathetic  exhibits  a  pri- 
mary constriction  in  the  capillaries  and  venules  followed  by  dilatation 
and  subsequent  permanent  constriction,  as  above  indicated.  If  the 
dose  of  ergamine  is  a  fatal  one  or  if  the  animal  be  killed  with  ether 
after  partial  or  complete  recover}-  from  "shock,"  the  primary  conatrio- 
tion  is  inconspicuous  or  wholly  absent.  In  four  animals  thus  ob- 
served, two  showed  no  primary  constriction  whatever  and  two  gave  a 
mere  suggestion  of  it.  Furthermore  in  but  one  of  these  animals  (a 
kitten  killed  by  the  et^amine)  did  the  constriction  subsequent  to  dila- 
tation develop.  In  all  but  this  last  animal  the  vessels  remained 
dilated  and  filled  with  blood  as  long  as  observed  (in  one  caae  nineteen 
hours). 

These  results  then  clearly  support  the  view  advanced  by  Dale  that 
ergamine  phosphate  (histamine)  is  a  capillary  poison.  Additional  evi- 
dence is  found  in  a  single  animal  in  which  after  histamine  and  nerve 
section  the  vessels  similarly  failed  of  the  usual  response  after  ether 
death.  In  other  words,  the  histamine  effect  is  not  dependent  upon  the 
integrity  of  the  vascular  nerves. 
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The  results  thus  far  presented  show  that  the  peripheral  vascular  bed 
passes  through  a  number  of  active  changes  subsequent  to  death  and 
that  these  changes  depend  upon  a  local  or  peripheral  function  since  they 
are  not  affected  by  nerve  section  and  are  largely  done  away  with  by 
the  injection  of  an  endothelial  poison  (histamine).  Almost  at  once 
after  death-  the  capillaries,  venules  and,  presumably,  the  arterioles 
constrict  with  the  result  that  the  peripheral  field  is  swept  more  or  less 
completely  free  of  blood.  Since  the  corpuscles  can  be  seen  in  transit 
toward  the  veins,  the  result  is  suggestive  of  peristaltic  constrictions 
running  along  the  vascular  tubes.  This  condition  must  be  looked 
upon  as  the  first  consequence  of  asphyxia  and  may  well  be  a  significant 
factor  in  the  asphyxial  rise  of  arterial  and  venous  blood  pressure  as 
ordinarily  recorded  whereby  the  lesser  and  minute  vessels  throughout 
the  body  discharge  their  contents  into  the  larger  channels.  This  pass- 
ing constriction  gives  way  shortly  to  a  marked  dilatation  such  as  is 
usually  associated  with  the  collection  of  asphyxia!  and  catabolic  prod- 
ucts. Some  time  later  and  roughly  coincident  with  the  onset  of  skel- 
etal muscle  rigor  a  second  constriction  develops  which  is  apparently 
permanent  in  character.  Whether  this  change  is  due  to  a  rigor  con- 
traction of  smooth  muscle  and  endothelium,  our  present  knowledge  of 
these  tissues  is  insufficient  to  determine.  In  no  case  were  observations 
continued  long  enough  (never  more  than  four  days)  for  skeletal  muscle 
rigor  to  pass  off,  consequently  the  assertion  that  the  change,  assuming 
it  due  to  rigor,  is  permanent  is  somewhat  arbitrary.  Post-mortem 
tissue  changes,  including  laking  of  the  blood,  may  in  this  length  of 
time,  however,  have  so  clouded  the  field  that  the  vessels  could  not  be 
seen  even  though  they  were  filled  with  blood.  Also  the  blood  may 
clot  and  so  fail  to  run  into  the  vessels  even  after  their  lumina  have 
become  patent.  It  will  be  noted  that  this  observation  does  not  accord 
with  the  livor  mortis  seen  so  frequently  by  pathologists. 

Experiments  with  nerve  slimuhtion.  A  second  point  of  even  greater 
interest  and  importance  brought  out  in  this  research  is  the  effect  of 
nerve  stimulation  upon  the  peripheral  vascular  bed.  In  this  set  of 
observations  the  animals  were  usually  anesthetized  with  urethane 
and  the  cervical  sympathetic  nerve  dissected  out  for  stimulation.  In 
no  instance  was  it  possible  to  determine,  by  inspection  or  by  photo- 
graphs, that  section  of  this  nerve  altered  in  any  way  the  caliber  of  the 
vessels  of  the  ear.  On  the  other  hand,  electrical  stimulation  of  the 
nerve  gave  unmistakable  evidence  of  constriction  in  both  capillaries 
and  venules  and  subsequent  to  stimulation  an  over-dilatation  was 
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recognized.  These  results  were  so  sharp  that  it  was  considered  neces- 
sary to  perform  but  three  experiments  in  each  of  which  the  observation 
was  repeated  many  times.  No  indication  of  fatigue  was  noted  since  the 
results  were  as  good  five  hours  after  an  experiment  was  begun  as  at 
the  start.  Figure  2  gives  the  photographs  obtained  in  one  of  these 
experiments. 


Fig.  3.  Constriction  of  cnpillurii-B  and  vciiiiIcn  fiillowing  the  injection  of  3  cc. 
1:  50,000  epinephrin.  Magnification  90  X.  Cat,  The  cervical  sympathetic  nerve 
had  been  cut.    a.  Before,  and  b,  shortly  after  the  injection  of  epinephrin.    The 

negatives  have  not  been  retouched. 

This  figure  shows  clearly  the  constriction  and  disappearance  of  the 
capillaries  and  venules  during  electrical  stimulation  of  the  cervical 
sympathetic  and  their  subsequent  over-ditatation  two  minutes  after  the 
stimulus  was  removed.  It  happens  that  no  larger  venule  was  present  in 
this  field  but  these  were  repeatedly  seen  to  respond  just  as  conspicu- 
ously as  shown  here  for  the  capillaries.  The  response  of  the  venules 
may  be  appreciated,  although  not  very  clearly,  in  the  next  figure 
(fig.  3),  which  shows  the  effect  of  epinephrin  injection. 
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ExperinietUs  with  epitiephrin.  Further  evidence  of  the  sympathetic 
innervation  of  the  capillaries  and  venules  was  developed  from  the  in- 
jection of  epinephrin.  This  Bubstancc,  selective  in  action  for  contrac- 
tile tissues  with  sympathetic  nerve  supply,  gave  results  comparable 
with  those  obtained  with  electrical  stimulation  of  the  cervical  symp^ 
thetic.  The  effect  was  the  same  both  before  and  after  section  of  the 
■sympathetic.  Figure  3  is  made  from  phot(^^phs  taken  before  and 
just  after  the  intravenous  injection  of  3  cc.  of  1:50,000  epinephrin  in 
a  cat  three  and  a  half  hours  after  the  cervical  sympathetic  had  been 
cut. 

The  injection  of  histamine  destroys  this  mechanism.  In  a  cat  in 
which  nerve  stimulation  had  given  sharp  constriction,  6  mgm.ergaminc 
phosphate  were  injected.  As  soon  as  the  resultant  dilatation  of  the 
peripheral  vessels  was  developed,  the  cervical  sympathetic  was  again 
stimulated.  The  strongest  stimulating  current  available  failed  to  elicit 
the  slightest  response. 

The  findings  here  presented  are  contrary  to  our  present  belief  that 
the  active  functional  peripheral  resistance  is  to  be  found  wholly  in  the 
smaller  arterioles  with  smooth  muscle  in  their  coats.  The  evidence 
given  indicates  that  nerve  impulses  along  vasomotor  fibers  may  play 
upon  the  caliber  not  only  of  the  arterioles  but  on  that  of  the  capillaries 
and  venules  as  well.  We  must  therefore  modify  our  conception  of  the 
peripheral  resistance  in  the  matter  of  functional  activity  to  include  the 
whole  peripheral  vascular  bed  including  therewith  the  arterioles, 
capillaries  and  venules. 

It  will  be  obvious,  furthermore,  that  if  the  conception  in  regard  to 
the  peripheral  resistance  here  advanced  is  substantiated,  the  body  pc»- 
scsses  a  remarkable  mechanism  for  the  regulation  of  the  distribution 
of  the  blood.  For  by  alterations  in  the  tonic  capacity  of  the  capillaries 
and  venules,  which  is  under  the  control  of  the  central  nervous  system, 
circulating  corpuscles  as  well  as  plasma  can  be  mobilized  to  a  very  con- 
siderable degree  in  accordance  with  the  physiological  needs  of  the 
various  tissues  both  local  and  general.  It  would  seem  also  to  follow 
that  blood  volume  and  plasma  volume  determinations  must  be  subject 
to  the  same  physical  mechanism  (34). 

If,  as  is  highly  probable,  specific  nerve  fibers  supply  the  different 
parts  of  the  peripheral  vascular  bed  (arterioles,  capillaries  and  venules) 
the  play  of  functional  adjustments  must  be  exceedingly  complex.. 
Hitherto  it  has  been  possible  to  invoke  chemical  processes  alone  to 
account  for  many  of  the  exquisite  adaptations  recc^piized  to  occur  in 
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physiological  adjustments.  In  the  light  of  tlie  facts  here  presented 
we  may  conceive  of  a  highly  organized  nervous  meclianisra  adapted 
to  quick  and  efficient  response  superimposed  upon  the  primitive  chemi- 
cal methods  available  to  the  organiam.  There  is  doubtless  a  happy 
coaptation  between  these  two  major  processes  of  control  but  on  the  body 
surface,  exposed  to  noxious  environmental  factors,  and  in  the  voluntary 
muscles  where  quick  adjustments  of  blood  supply  are  constantly  de- 
manded, we  might  expect  the  nervous  regulation  to  play  a  significant 
tcleological  r61e.  In  the  glands  and  deeper  body  tissues  generally,  on 
the  other  hand,  where  reaction  time  is  of  less  significance,  responses 
may  largely  depend  upon  chemical  factors  for  their  instigation. 

If  the  body  has  at  its  control  such  a  highly  organized  device  for  the 
disposition  and  partition  of  the  blood  by  which  extensive  capillary 
beds  may  be  largely  emptied  of  or  packed  with  corpuscular  elements  or 
plasma,  an  explanation  is  readily  found  for  the  uncertainties  of  blood 
cell  counts  and  blood  volume  determinations.  Individual  capillaries 
may  be  opened  up  or  closed  or  they  may  be  gorged  with  stagnant 
inactive  corpuscles,  as  is  possible  to  demonstrate  on  the  finger  (32). 
Mediation  of  these  and  similar  changes  would  be  accomplished  by 
activation  of  the  arteriole,  capillary  or  venule  functioning  individually 
or  collectively.  It  is  natural  to  infer  that  normally  such  forces  are  well 
balanced  and  counteract  one  another  so  that  the  volume  and  corpuscu- 
lar composition  of  the  blood  is  held  relatively  stable,  but  in  time  of 
physiological  stress  or  in  disease  the  alterations  which  develop  might 
assume  considerable  proportions.  The  significance  of  this  mechanism 
for  the  nutrition  of  the  tissues  will  likewise  be  apparent  since  it  may 
l>e  presumed  to  exercise  control  over  the  rate  at  which  plasma  passes 
through  the  capillaries  and  into  the  tissue  spaces. 

The  present  work  does  not  include  a  demonstration  of  nervous  regu- 
lation of  vasodilatation  in  the  capillaries  and  venules  but  the  evidence 
justifies  the  assumption  of  such  an  hypothesis.  On  the  other  hand, 
the  primary  constriction  followed  by  dilatation  which  occurs  after 
death  indicates  that  chemical  regulation  may  function  both  in  constric- 
tion and  dilatation.  The  effects  of  the  injection  of  epinephrin  and  of 
histamine  likewise  substantiate  this  conception.  These  findings  accord 
with  the  recent  clean-cut  results  obtained  by  Krogh  (1)  on  the  in- 
crease in  number  of  patent  capillaries  in  active  muscle  and  the  similar 
results  recognized  to  occur  in  the  early  stages  of  inflammatory  processes 
(4).  The  work  of  Gaskell  (35),  Bayliss  (36)  and  the  writer  (37)  on  the 
chemical  regulation  of  peripheral  resistance  is  thus  to  be  interpreted 
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that  chemical  factors  constriiit  iis  well  as  dilate  the  finer  vcsscIh  other 
than  the  arterioles. 

To  further  substantiate  the  fact  that  nervous  impulses  actually  pro- 
duce a  constriction  of  capillaries  and  venules,  attention  may  ^ain  lie 
called  to  the  condition  of  these  experiments.  The  vascular  bed  under 
observation  lay  some  2  cm.  below  heart  level.  An  occlusive  constric- 
tion in  the  arterioles  could  not  therefore  passively  <lrain  the  vessels 
distal  io  the  constriction  and  supportini;  a  hydrostatic  column.  It  i.<> 
concc'ivable  that,  if  these  vessels  were  under  tension  due  to  a  vU  a 
tergo,  they  might  decrease  in  size  when  their  filling  pressure  was  shut 
off  but  they  would  not  empty.  Indeed  it  was  found  in  an  experiment 
in  which  the  carotid  was  occluded  long  enough  to  bring  the  blood  stream 
to  a  standstill  in  the  peripheral  vessels,  that  the  capillaries  showed  no 
appreciable  decrease  in  size  and  that  the  corpuscles  did  not  t<nd  to 
clump.  The  latter  point  is  small  but  significant  l)eeau3e  when  the 
capillaries  are  made  to  contract,  as  by  nerve  stimulation,  the  cor- 
puscles invariably  fend  to  gather  together  and  move  along  in  clumps. 

Lister  (4)  in  that  splendid  paper  to  which  reference  has  already  been 
made  on  the  "Early  Stages  of  Inflammation"  published  in  1858,  de- 
scril>es  an  experiment  on  the  frog  which  is  of  decided  interest  in  this 
connection.  He  was  studying  with  the  microscope  the  behavior  of  the 
periplicral  vessels  in  the  web  of  the  foot  under  various  conditions  and 
in  this  experiment  he  ob8erve<l  that  irritation  of  the  cord  caused  the 
capillaries  and  venules  to  disai)pear  from  view.  He  ascribes  this  result 
to  an  active  constriction  of  the  aterioles  sufficient  to  block  the  passage 
of  the  red  cells  but  insufficient  to  stop  the  flow  of  plasma  so  that  the 
corpuscles  floating  in  the  capillaries  and  venules  arc  washed  onwani 
from  the  field.  The  red  blood  cells  of  the  frog  are  of  course  relatively 
large  and  could  presumably  be  blocked  in  the  manner  indicated,  but 
I  am  inclined  to  believe  that  Lister  actually  saw  a  constriction  of  the 
vessels  in  question.  In  the  first  series  of  experiments  described  in  the 
present  paper  the  evidence  is  clear  that,  after  the  heart  has  ccaaed  to 
beat,  the  capillaries  and  venules  can  empty  themselves  not  once  but 
twice  against  an  appreciable  hydrostatic  resistance.  The  movement 
and  disposition  of  the  corpuscles  under  these  conditions  is  not  to  Ih- 
distinguishci:!  from  their  behavior  under  the  influence  of  nerve  stimula* 
tion;  the  stream  stops  quite  abruptly,  the  corpuscles  congregate  in 
masses  and  then  progress  slowly  and  without  definite  regularity.  This 
forwanl  movement  occurs  gainst  a  hydrostatic  resistance  and  in  spite 
of  the  fact  that  the  corpuscles  would  tend  in  a  stagnant  plasma,  be- 
cause of  their  specific  gravity,  to  settle  and  adhere  to  the  vessel  wall. 


,v  Google 


FUNCTIONAL  ACTIVITT  OF  CAPILLARIES  AND  VENULES  49 

Doctor  Connct  has  recently  shown  in  a  research  done  in  this  labora- 
tory (38)  that  the  injection  of  epinephrin  raises  the  systemic  venous 
blood  pressure.  In  this  work  she  was  able  to  exclude  the  slowing  of  the 
heart  which  has  hitherto  been  regarded  as  sufficient  to  account  for  the 
phenomenon,  and  reached  the  conclusion  that  the  substance  acts  by  a 
direct  effect  upon  the  veins  in  the  intact  animal  just  as  it  has  been  re- 
peatedly shown  to  act  upon  isolated  vein  preparations.  It  seems 
highly  probable  in  view  of  the  results  presented  here  that  the  rise  in 
venous  pressure  following  the  injection  of  epineplirin  demonstrated 
by  Doctor  Connet  is  associated  with  a  constriction  of  the  capillaries 
and  venules  as  well  as  of  the  veins. 

Experiments  with  histamine.  With  a  method  avaiiablc  for  the  study 
of  the  capillaries  in  the  mammal  it  was  quite  natural  that  one  should 
1)0  led  to  a  study  of  the  effect  of  histamine.  Tlie  attractive  hypothesis 
advanced  by  Dale  (23)  that  histamine  "shock"  (and  probably  trau- 
matic "shock")  is  due  to  a-  specific  toxic  action  upon  the  capillaries 
rested  upon  indirect  evidence.  It  was  possible  with  the  preparation 
at  hand  to  put  this  hypothesis  to  a  direct  test. 

References  have  already  been  made  to  the  toxic  action  of  histamine 
on  the  capillaries  and  venules  in  the  experiments  previously  described: — 
after  the  injection  of  histamine  post-mortem  constriction  of  these 
vessels  was  absent  or  very  slight  and  no  constriction  could  be  obtained 
by  nerve  stimulation.  In  addition  to  the.w  experiments  a  nunilwr  of 
experiments  were  performed,  seven  in  all,  in  which  attention  was 
directed  primarily  to  the  histamine  effect.  Ergamine  phosphate,  G 
mgm.  per  kilo  in  salt  solution,  was  injected  intravenously  in  accordance 
with  Dale's  technique. 

The  results  were  uniformly  clean-cut  and  decisive-.  Within  a  few 
minutes  after  the  injection  the  capillaries  and  venules  were  filled  with 
stagnant  blomi  and  definitely  dilated.  The  dilatation  was  distinctly 
more  conspicuous  in  the  venules.  These  changes  developed  in  con- 
junction with  the  fall  in  arterial  blood  pressure  and  in  one  experiment 
in  which  it  was  followed  with  a  fall  in  venous  pressure. 

Doctor  Rich  has  obtained  similar  results  in  the  capillaries  of  the  mam- 
malian omentum  (39)  by  a  different  mcthoil.  Rich  found  that  flooding 
the  peritoneal  cavity  with  Zenker's  fluid  gave  prompt  fixation  of  the 
tissue  so  that  it  could  be  removed  and  studietl  under  tht!  microscope. 
If  the  tissue  was  thus  fixed  immediately  after  the  intravenous  infusion  of 
histamine,  marked  capillary  and  venous  dilatation  and  engorgement 
could  be  demonstrated.     This  vascular  change  was  entirely  absent  in 
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control  experiments  in  which  salt  solution  was  infused  instead  of 
histamine. 

Usually,  although  not  invariably  in  my  experiment?,  this  dilatation 
was  preceded  by  what  must  be  interpreted  to  be  a  constriction,  under 
the  experimental  conditions.  This  constriction  lasted  a  variable  but 
brief  period  of  time,  frequently  so  short  that  it  could  not  be  photo- 
graphed satisfactorily.  This  reaction  is  especially  well  exemplified  in 
figure  4  in  which  the  photograph  which  shows  the  constriction  was 
taken  ten  minutes  after  the  injection  of  ergamine  when  the  arterial 
pressure  waa  24  mm.  Hg.  The  arterial  pressure  was  still  at  24  mm.  Hg. 
thirty-five  minutes  later  when  the  last  photograph  shown  in  this  figure 
was  obtained. 

This  transitory  constriction  of  the  capillaries  and  venules  may  not 
occur  throughout  the  body  since  Rich  was  unable  to  find  any  evidence 
of  it  in  the  capillaries  of  the  omentum.  It  may  be  due  to  a  primary 
central  effect  of  the  poison  or,  what  seems  more  probable  at  the  moment, 
it  may  represent  one  of  those  curious  reactions  according  to  which  a 
drug  or  substance  depressive  in  effect  at  first  acts  as  a  stimulus.  Such 
u  transitory  reversal  of  effect  is  not  unconnnon  in  perfusing  the  iso- 
lated heart  with  inorganic  salts  and  I  have  observed  a  similar  effect  in 
[>crfusing  the  respiratory  center  (40).  Burridge  (41)  has  suggested, 
in  the  case  of  the  heart,  that  the  condition  is  associated  with  the  state 
of  a^regation  of  the  colloids. 

Although  it  thus  appears  possible  that  histamine  may  under  certain 
conditions  produce  its  primary  "shock"  effect  while  the  capillaries  and 
venules  of  the  ear  are  constricted,  these  experiments  as  a  whole  undoubt- 
edly lend  strong  support  to  Dale's  hypothesis  to  explain  histamine 
"shock." 

In  conclusion  it  will  not  be  out  of  place  to  state  that  the  preparation 
used  in  these  experiments  offers  an  excellent  method  of  demonstrating 
the  capillary  circulation  in  the  mammal  to  students,  A  low  ^ower 
microscope  (ocular  1  and  objective  3),  adapte<l  by  removal  of  the  stage 
to  fit  over  the  edge  of  an  animal  holder  and  a  good  light  arc  all  the 
apparatus  that  is  required.  The  capillar)'  circulation  can  be  similarly 
observed  in  the  rabbit  and  presumably  also  in  the  dog  although  the 
latter  animal  has  not  been  investigated.  The  rabbit's  ear  is,  however, 
dbtinctly  more  susceptible  to  inflammatory  processes  than  is  that  of 
the  cat. 
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A  uictliu<)  its  (Ii^scHIxhI  whorrl>.v  t)io  peripheral  oirculatiuti  (particii* 
liirly  thv  capillarioH  and  venules)  in  the  eat's  ear  may  Iw  ob»>rv'<Ml  an<l 
photographed.  It  is  thus  possible  to  study  in  the  living  mammal  the 
capillary  circulation,  investigation  of  which  in  the  intact  animal  him 
hitherto  been  limited  to  the  frog.  Making  use  of  this  niethod,  the 
following  experimental  results  were  obtained : 

1.  After  ether  death  the  peripheral  vessels  at  first  constrict  so  that 
they  are  largely  emptied  of  blo<Ml,  This  constriction  which  occurs  usu- 
ally within  a  few  minutes  lasts  but  a  short  lime  and  is  followed  hy  a 
marked  dilatation  and  engorgement.  Subsequently  and  roughly  eoinci- 
<lent  with  the  development  of  skeletal  muscle  rigor,  the  vessels  are  again 
emptied  of  blood.  The  latter  condition  prevails  indefinitely  (fourdays 
at  room  temperature). 

Tluwc  changes  are  much  less  conspicuous  or  entirely  absent  if  the 
animal  is  previously  injected  with  histamine.  They  are  not  affected 
by  section  of  the  vasomotor  nerve  fibers  (cervical  sympathetic). 

It  is  thus  concluded  that  these  post-mortem  vascular  reactions  are 
independent  of  the  central  nervous  system  and  that  they  are  abolished 
by  an  endothelial  poison. 

It  is  suggested  that  the  first  constriction  represents  a  response  to 
asphyxia  and  may  be  a  significant  factor  in  the  asphyxial  rise  of  arterial 
and  venous  blood  pressure. 

2.  Section  of  the  vasomotor  fibers  to  the  part  (cervical  sympathetic) 
did  not  cause  an  appreciable  dilatation  of  the  vessels  but  electrical  stim- 
ulation of  these  fibers  gave  clear  evidence,  by  causing  constriction, 
that  the  capillaries  and  venules  are  under  sympathetic  nervous  control. 
This  fact  was  further  substantiated  by  the  injection  of  cpinephrin 
which  caused  a  similar  vascular  response. 

The  reaction  to  nerve  stimulation  could  not  be  obtained  in  an  animal 
poisoned  with  histamine. 

These  results  indicate  that  the  functional  peripheral  resistance  is 
not  limited  to  the  arterioles  but  includes  the  capillaries  and  venules  as 
well.  It  is  inferred  that  this  resistance  is  subject  to  chemical  as 
well  as  nervous  control.  This  concept  involves  a  reorganization  of  our 
present  beliefs  concerning  the  peripheral  resistance  and  implies  the 
existence  of  an  efficient  physical  mechanism  for  the  distribution  and 
regidation  of  the  circulating  blood  volume  and  of  the  supply  of  nutri- 
ment to  the  tissuo-s. 
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3.  The  injection  of  histamine  (ergamine  phosphate)  causes  a  prompt 
and  permanent  dilatation  of  both  capiUaries  and  venules  with  st^na- 
tion  of  the  corpuscular  stream. 

This  reaction  appears  to  be  characteristic  and  thus  confirms  Dale's 
hypothesis  that  histamine  "shock"  (and  presumably  traumatic 
"shock")  is  largely  dependent  upon  the  reaction  of  the  capillaries. 
It  should  be  noted ,  however,  that  the  present  results  extend  this  reaction 
to  include  the  venules  as  well  as  the  capillaries. 

Prior  to  the  dilatation  which  appears  to  be  the  characteristic  histamine 
effect,  there  is  usually  a  short  period  when  the  vessels  in  the  ear  are 
constricted.  Neither  this  transitory  effect  nor  the  general  histamine 
effect  is  influenced  by  nerve  section.  Both  effects  are  thus  due  to  the 
direct  action  of  the  substance  on  the  vessels. 

It  is  probable  that  vessels  elsewhere  in  the  body  do  not  show  this 
passing  constriction  since  it  may  persist  for  some  minutes  after  the 
^stemic  arterial  pressure  is  at  shock  level  and  give  place  to  dilatation 
while  the  blood  pressure  level  remains  unchanged. 
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STUDIES  ON  THE  VISCERAL  SENSORY  NERVOUS  SYSTEM 
I.  Lung  Adtouatish  and  Lung  Reflexes  in  the  Fboq  (R.  pipiens 

AND  R.  CATESBIANA) 
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This  reQDit  is  the  begimung  of  an  inveetigation  and  analysiB  of  the 
reflexes  evoked  by  the  visceral  sensory  nerves  in  all  the  groups  of  verte- 
brates available  for  study.  The  inception  to  this  line  of  work  was  the 
observation  on  man  (7)  that  strong  contractions  of  the  empty  stomach 
produce  reflex  effects  on  the  cardiac  and  the  vasomotor  centers.  To 
date  we  have  studied  the  reflexes  fr(»n  the  visceral  afferent  system 
involving  the  skeletal  musculature,  the  respiratory  mechanism,  the 
gastro-intestinal  tract,  the  heart  and  blood  vessels,  and  the  urinary 
bladder.  In  some  cases  our  reflex  results  compelled  us  to  re-investigate 
the  motor  mechanisms  of  the  organ  involved  in  the  reflex  response. 
This  is  true  especially  of  the  lungs. 

We  have  today  fairly  comprehenuve  and  aoeurate  knowledge  of  the 
efferent  nervous  mechanism  of  the  viscera,  thanks  to  the  work  of 
Gaskell,  Lai^ey  and  others. 

On  the  sensory  or  afferent  side  our  information  is  made  up  largely 
of  gaps  and  gueeses,  despite  its  probable  importance  in  functional 
int^rations  in  health  and  disease.  This  phase  of  phymolc^y  has  been 
studied  especiaJly  with  reference  to  consdoua  visceral  sensations,  to 
witness  only  the  work  of  surgeons  and  internists  on  direct  and  referred 
visceral  pain,  and  of  physiologists  and  psychologists  on  the  sensibility 
(conscious)  of  the  ^imentary  canal.  To  our  knowledge  a  thorough- 
going inveetigation  of  the  sub-conacious  reflexes  evoked  from  the  vis- 
ceral sensory  nerves  in  health  and  disease  has  not  been  made.  In 
Oaskell's  recent  monc^raph  (8)  on  the  involuntary  nervous  system 
the  afferent  component  of  this  system  is  not  even  mentioned,  and  in 
Sherrington's  article  on  the  "Sympathetic  Nervous  System"  in  the 
1911  edition  of  the  Enclyclopedia  Britannica  the  afferent  component 
55 
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is  dismissed  with  the  following  sentence:  "Of  the  afferent  fibers  of  the 
sympathetic  little  is  known  save  that  they  are,  relatively  to  the  efferent, 
few  in  number,  and  that  they,  like  the  afferents  of  the  cerebro-s[Mnal 
system,  are  axones  of  nerve  cells  seated  in  the  spinal  ganglia." 

EXP&BIUENTAL  HBTHODS 

1.  The  lung  contractions  were  registered  by  means  of  water  manom- 
eters (diameter  8-10  mm.)  comiected  with  small  glass  cannulae 
inserted  and  tied  in  the  tips  of  the  lungs.  For  the  most  deUcate  lung 
contractions  these  water  manometers  were  not  sufficiently  sensitive, 
and  in  the  study  of  these  phases  a  very  delicate  tambour  was  employed. 
In  fixing  the  cannula  in  the  tip  of  the  lung  care  must  be  taken  so  that 
thb  direct  handling  of  the  lung  is  minimum  and  gentle,  as  .direct  and 
rough  handling  induces  pndonged  tonic  contractions  that  may  involve 
the  whole  lung.  In  ftnim»l«  in  poor  physiological  conditions,  the  lungi 
are  usually  quite  atonic,  and  these  contractions  due  to  direct  honHiing 
(mechanical  stimulation)  are  less  in  evidence. 

In  experiments  with  the  glottis  open  and  the  frog  preparation  breath- 
ing spontaneously  no  artificial  pressure  can  be  maintained  in  the  lungs, 
because  if  the  lungs  are  collapsed  through  cannulae  in  the  limg  tips, 
the  frog  pnunptly  fills  the  lung  again  up  to  the  original  pressure.  If 
this  original  pressure  is  slightly  exceeded  by  inflation  through  the  can- 
nula the  glottis  is  promptly  opened  and  the  pressure  reduced.  In  the 
experiments  involving  the  closure  of  the  glottis  the  lungs  were  prac- 
tically always  collapsed  and  empty  at  the  conclusion  of  this  operation 
In  the  subsequent  inflation  of  the  lungs  we  always  took  pains  not  to 
exceed  the  normal  pressure  muntuned  by  the  frog  (1-3  cm.  water). 

Most  of  the  previous  investigators  of  the  physiology  of  the  respir- 
atory movements  in  the  frog  have  used  various  methods  for  graphic 
r^istration  of  the  throat  and  Sank  movements  (Martin  (16),  Weden- 
skii  (26),  Langendorff  (14),  Sherrington  (23),  Bai^oni  (3),  Soprana 
(24),  Nikolides  (20),  (21)).  Brown  (5)  and  Willem  (27)  recorded  intrar 
pulmonic  pressure  by  means  of  cannulae  in  the  tip  of  the  lungs.  Mochi 
(17),  (18),  (19)  placed  the  body  of  the  frog,  except  head  and  throat, 
in  a  plethysmograph  and  closed  the  pletbysmt^aph  by  sectioning  the 
fr(^'B  skin  around  the  neck  and  tying  to  the  pletbysmt^ra^h  tube. 
It  seems  to  us  that  the  method  of  Mochi  introduces  more  trauma  and 
abnormal  physiological  conditions  than  a  slit  throi^  the  abdominal 
wall  for  placing  cannula  in  the  tip  of  the  limgs. 
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£.  For  the  registration  of  the  variations  in  the  intrapulmonic  pressure 
during  normal  respiration  the  ariimftlfl  were  usually  decerebrated,  and 
slits  made  through  the  abdominal  wall  over  the  lung  tips,  of  sufBcient 
fflze  to  insert  cannutae  in  the  lung  tips.  This  Incision  through  the 
abdominal  wall  was  made  with  or  without  local  application  of  cocaine. 
The  animals  were  then  placed,  usually  without  restndnt,  on  a  board 
or  preferably  in  a  small  dark  box.  In  most  cases  animals  thus  pre- 
pared would  sit  quietly  for  long  periods,  unless  disturbed  by  external 
stimulations.  In  a  few  animals  the  abdominal  incisions  were  made 
under  local  imestheaia  without  previous  decerebration. 

S.  In  the  experiments  where  it  was  necessary  to  separate  the  lungs 
completely  from  the  influence  of  skeletal  muscle  contractions  several 
methods  of  procediu^  were  used: 

a.  After  decerebration  and  fixing  the  cannulae  in  the  limg  tips,  the 
animals  being  placed  in  normal  position  (ventral  side  down)  on  the 
board  or  in  the  dark  box,  the  abdominal  muscles  were  cut  away  and 
the  spinal  cord  pithed  below  the  brachial  plexus.  In  such  a  preparation 
movements  of  the  head,  strong  respiratory  movements  (swallowing) 
or  movements  of  the  front  legs  will  alter  the  intrapulmonic  pressure, 
but  the  rapidity  of  these  movements  is  much  greater  usually  than 
the  lung  contractions  so  that  the  latter  can  be  readily  differentiated 
from  the  passive  effects  of  the  former  movements,  and  in  favorable 
preparations  the  former  movements  may  be  absent  over  conuderable 
periods,  thus  giving  the  lung  contractions  free  play. 

b.  Without  previous  decerebration  the  spinal  cord  was  cut  just  below 
the  medulla  and  pithed  the  entire  lei^h  caudad,  the  animal  placed 
on  the  board  dorsal  side  down,  the  abdominal  wall  opened  for  its  entire 
length  by  a  median  incision,  and  the  lungs  completely  isolated,  except 
for  their  anatomical  connections  with  the  pharynx  and  esophagus. 
Animals  thus  prepared  continue  to  breathe  spontaneously  for  conuder- 
able  periods  if  care  is  taken  not  to  injure  the  lungs  or  pharynx  and 
prevent  exsanguination.  Head  and  pharyngeal  movements  are  still 
capable  of  influencing  the  intrapulmonic  pressure  mechanically.  The 
isolated  lungs  were  prevented  from  drying  by  a  thin  layer  of  absorbent 
cotton  kept  moist  with  Bilker's  solution. 

4-  Closure  of  the  gloUis.  Our  greatest  technical  difBculty  consisted 
in  proper  closure  of  the  glottis  in  experiments  where  this  procedure  was 
essential.  The  frog  has  no  trachea  and  bronchi.  The  glottis  opens 
directly  into  a  rather  large  tracheal  sac  which  communicates  with  the 
base  of  each  lung.    This  tracheal  sac  is  so  closely  adherent  to  the  tis- 
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Buea  at  the  base  of  the  heart  that  we  found  it  impracticable  to  close 
the  luDgB  by  Ugation  or  compiefisioD  of  this  Bac  without  an  amount  of 
injury  to  the  heart  nerves,  and  main  blood  veaaels  that  resulted  in  quick 
failure  of  the  circulation.  The  following  experiments  were  tried  witli- 
out  practical  success: 

(1)  LigatioD  of  base  of  lungs  at  their  junction  with  the  tracheal  sac, 
leaving  the  lung  blood  vessels  and  nerves  outside  the  ligature.  This 
failed  because  of  the  impossibility  of  accomplishing  the  latter  without 
puncturing  the  lung  wall,  or  if  successful  the  ligation  produced  enouf^ 
anatomical  distortion  to  interfere  with  the  lung  circulation. 

(2)  Closing  the  tracheal  sac  or  either  lung  by  small  wads  of  cotton 
pu^ed  through  the  glottis.  This  failed  mainly  because  the  glottis 
opening  is  smaller  than  the  diameter  of  the  tracheal  sac  or  its  com- 
munication with  the  lungs.  Hence  the  cotton  wad  passed  sooner  or 
later  into  the  lung  cavities. 

(3)  It  was  noted,  when  the  median  incision  exposing  and  isolating 
the  lungs  was  carried  forward  to  the  level  of  the  base  of  the  heart 
only,  that  lateral  and  dorsal  tension  exerted  by  pull  on  the  front  l^s 
would  prevent  air  from  entering  or  leaving  the  lungs  by  the  normal 
breathing  movements.  This  was  evidently  due  to  colla^Me  of  the 
tracheal  sac  by  external  ctmipression.  This  gave  us  the  ctew  to  a 
method  of  closing  the  ^ottis  and  blocking  the  air  commimication  be- 
tween the  two  lungs  with  the  least  possible  trauma  or  physiological 
violence.  A  cotton  plug  of  suitable  size,  with  or  without  a  coating  of 
vaseline,  was  inserted  through  the  mouth  and  pushed  down  the  esopha- 
gus to  the  level  of  the  glottis  and  the  tracheal  sac.  The  pressure  thus 
exerted  on  these  structures  from  the  esophagus  not  only  closed  the 
glottis  but  usually  compressed  the  tracheal  sac  sufficiently  to  prevent 
air  communication  between  the  two  lui^,  especially  if  in  additioD 
the  front  legs  were  put  under  slight  dorso-lateral  tension. 

This  mode  of  procedure  sufficed  for  the  degrees  of  lung  contractions 
accompanying  the  normal  respiratory  movements,  or  induced  by  reflex 
stimulation.  But  it  proved  inadequate  in  case  of  the  extreme  tetanus 
of  the  lungs  following  section  of  the  vago-sympathetic  nerves  or  pithing 
of  the  medulla.  These  strong  contractions  always  forced  the  glottis 
open  against  the  cotton  plug  in  the  esophagus.  Hence  in  aU  the  experi- 
ments on  this  phase  of  lung  physiology  the  glottis  had  to  be  closed 
more  firmly.  This  was  done  by  clamping  the  rim  of  the  glottis  with 
a  slender  artery  forceps.  The  mouth  being  held  open,  a  slender  hook 
1  through  the  glottis,  under  gentle  forward  traction  the  rim 
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of  the  gloUis  was  compiteased  with  a  slender  artefy  focceps,  ^a  BmalL 
cotton  plug  pushed  into  the-celHthagus  and  left  in  utu  togethtt  witlf. 
the  forceps.  Care  must  be  taken  not  to  place  the  forceps  too  far  dovn 
on  the  tracheal  sac  and  pharyngeal  tissues,  as  in  that:  case  the  puljqaior: 
nary  bruiches  of  the  vagi  as  well  sa  the  lung  bkxxl  vessels  are  inalud«d- 
inthe  grip,  or  placed  (m  such  tension  that  vagus  actitm  on  the  lung  and' 
lung  circulation  are  interfered  with.  .i>., 

The  essential  drawback  to  tbia  procedure  is  the  trauma  produoei}: 
or  rather  the  violent  mechanical  stimulation  of  .the  sensory  n^vosiioi 
the  glottis,  larynx  and  pharynx  by  the.  compression,  Pladi^  tto 
artery  forceps  in  iix  r^oil  described '  produced  something  Jiite 
profound  prostration  or  "shock"  in  theprepu^tion.  -  Respiratory  mover: 
ments  cease  for  a  contdderable  period,  and  in  ^e  case  of  »T>imftlii  others 
wise  in  poor  condition  m^  not  retnun  at  all. ,  It  is  scarcely  neeessaiy 
to  add  that  the  results  reported,  umng  this.method  of  closure  of  th^. 
glottis,  are  baaed  on  the  vigorous  preparations  in  which  BpoDtaneouK 
respiratira  returned.  :l : 

6.  The  mucus  in  the  lung  cavities  can,iof  course,  not'be  elimmated. 
torn  the  hmgs  in  the  normal  way  imder  any  condition  of  glottis  ob^ 
struction.  Furthermore,  the  unavoidable  trauma  to  lungs  and  tracbe^. 
sac  in  prepu^tion  may  actually  increase  the  mucous  secretion.  This 
lung  mucus  is  a  hindrance  and  a  source  of  error  ii)  registering  lung  tonus, 
and  contractions  by  our  method,  as  strong  contractions  may  force 
some  mucus  into  the  cannula  in  the  lung  tips,  and  this  wiU  interfere 
with  the  prompt  and  accurate  response  of  the  water  manometer:  to. 
slight  variations  in  the  intraputmonic  pressing.  It  la  needless  to  ,S93r> 
that  preparations  must  be  discarded  in  which  the  limg  mucus  interferes 
with  accurate  recording  of  lung  contractions.  . , ;,, 

6.  Administraium  of  the  dmi/a.  All  the  drugs  used,  unless  otherwiSB 
noted,  were  mixed  with  varying  quantities  of  Ringer's  solution  and. 
injected  slowly  into  the  abdominal  vein.  A  few  injections  were  nudo 
directly  into  the  heart. 

7.  Prevention  of  atpkyxia  after  damre  of  tke  glottu.  It  was,  (rf  course,, 
essential  to  maintain  circulation  and  lung  ventilation  even  after  olosuza 
of  the  glottis,  so  that  abnormal  reflexes  and  local  lung  restctions  would 
not  be  set  up  fay  asphyxia.  We  endeavored  to  ouuntain  good  circuhb- 
tion  by  ligation  of  the  main  blood  vessels  sectioned  in  the  preparati(H^ 
of  the  animal  and  by  occasional  intravenous  injections  of  small  gu&iir> 
titles  of  Ringer's  solution.  The  frog's  heart  is  apparently  very  sensitivf)! 
to  the  mechanical  factors  of  filling,  as  it  ceases  to  beat  entirely  or  beats 
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very  feebly  when  the  blood  preaaure  is  very  low,  but  resumes  sn  ade- 
quate rhythm  on  replacmg  the  lost  bk>od  with  Ringer's  solution. 

It  is  weU  known  that  the  frog  in  water  carries  out  a  considerate 
proportion  of  its  gaseous  exchange  through  the  sldn.  Under  the 
temperature  conditions  prevailing  in  the  laboratory  during  this  woric 
the  frogs  (R.  pipiens)  would  remain  under  water  for  18  to  25  minute 
periods,  come  to  the  surface  and  make  a  few  vigorous  respirations  and 
Bubmetge  again  for  the  same  length  of  time.  Evidently  the  filling  the 
lungs  with  air,  supplemented  with  the  akin  respiration,  met  the  respir- 
atory needs  for  20  to  30  minutes.  On  the  basis  of  these  facta,  we 
always  kept  the  skin  ot  our  frog  preparations  moist  with  water,  and 
gave  occasional  artificial  respirations,  except  in  cases  of  extreme  lung 
tetanus  when  the  latter  procedure  would  have  been  useless. 

8.  AU  the  tracings  reproduced  with  this  report  were  taken  with  the 
same  speed  of  the  kymograph.  The  time  record  is  not  always  attached 
to  the  tracings  reproduced,  for  reasons  of  economy  of  print  paper.  But 
the  reader  interested  in  any  question  involving  the  time  element  as  a 
matter  of  importance  can  readily  transfer  the  time  tracing,  given  in  a 
few  of  the  tracings,  to  the  others;  25  em.  of  tracing  (original  sise)  •-  17 
minutes. 

LtrNG   TONUS  AHO  LUNG  C0NTBACTI0N8  DtlBmO  NORHAL  BE8PIBATI0N 

/.  The  anatomy  of  the  (to^b  lung  is  well  known.  The  reader  wiU 
recall  that  the  lung  is  a  paired  muscular  sac,  numerous  septa  on  the 
interior  surface  dividing  this  into  small  spaces  or  alveoli.  The  septa 
extend  only  a  few  millimeters  from  the  lung  wall,  so  that  the  larger 
part  of  the  limg  cavity  is  a  large  single  air  space.  There  are  no  bronchi 
and  no  true  trachea,  the  tracheal  sac  having  essenti^y  the  same  struc- 
ture as  the  rest  of  the  lungs,  and  probably  carries  out  the  same  respir- 
atory function. 

Smooth  musculature  covers  the  entire  wall  of  the  lungs  and  extends 
into  the  smallest  septa  on  the  inner  surface.  More  or  less  definite 
external  muscle  strands  follow  the  course  of  the  main  pulmonary  blood 
vessels  on  the  lung  surface. 

The  arrangement  of  the  lung  musculature  is  such  that  contraction 
(even  of  the  septal  musculature)  will  reduce  the  size  of  the  lung  cavity, 
or  raise  the  intrapulmonic  pressure  in  case  the  air  in  the  limg  is  not 
free  to  escape. 
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The  action  of  the  septal  musculature  would  be  anidogous  to  that 
of  the  bronchial  constrictor  muscle  of  the  manunalian  lung.  So  far 
as  we  know,  the  mammalian  lung  has  no  coimterpart  to  the  lung  wall 
musculature  in  the  frog. 

After  having  discovered  the  striking  peripheral  motor  autcnnatism 
of  the  frog's  lung  we  become  especially  interested  in  the  local  nervous 
tissue  in  the  lung  of  this  animfU  group.  According  to  the  histological 
investigations  of  Arnold  (1),  Smimow  (25),  Cuccate  and  Wolff  (28), 
there  ore  numerous  ganglia,  as  well  as  isolated  ganghon  cells  (multi- 
polar and  bipolar)  along  the  course  of  the  main  vago-sympathetic 
nerve  trunks  on  the  surface  of  the  lungs.  There  are  medullated  and 
Don-medullated  nerve  fibers  in  these  nerve  trunks.  A  plexus  of  fine 
non-medullated  nerve  fibers  surrounds  the  strands  of  lung  musculature. 
The  ganglion  cells  and  these  nerve  plexuses  are  most  abundant  at  the 
base  of  the  lungs.  Arnold  points  out  that  the  ganglia  and  ganglion 
cells  in  the  frog's  lung  ore  histologically  identicfJ  with  those  ctf  the 
frog's  heart.  They  are  also  probably  identical,  both  as  to  histology 
and  function,  with  the  ganglionic  plexuses  (Auerbach)  in  the  waU  of 
the  gut,  especially  as  the  lung  is  a  diverticulum  from  the  esophagus. 

t.  The  external  respiratory  mechanism  of  the  amphibians  differs 
from  that  of  aU  other  air-breathing  animals  in  that  the  air  enters  the 
lungs  under  positive  pressure  due  to  the  act  of  swallowing.  One  might 
therefore  surmise  that  in  the  amphibia  the  respiratory  center  in  the 
br^  is  anatomically  and  physiologically  identical  with  the  center 
for  deglutition. 

The  sequence  and  coordination  of  the  respiratory  acta  (buccal  move- 
ments, closing  of  nares,  expiration  and  inspiration  or  swallowing  air) 
have  been  correctly  analyzed  and  described  especially  by  Langendorff 
(12),  (13),  Baglioni,  Brown  (5)  and  others,  and  moat  recently  by  Wil- 
lem  (27).  We  have  nothing  new  to  add  on  that  point,  and  can  con- 
tribute no  new  facts  bearing  on  the  old  and  new  speculations  as  to 
phylogenetic  and  physiological  significance  of  the  buccal  movements 
which  proceed  rhythmically  between  the  actual  renewal  of  air  in  the 
lungs  (swallowing). 

The  types  of  the  respiratory  rhythm  as  revealed  by  the  intrapulmonic 
pressure  in  normal  and  in  decerebrated  frogs  are  shown  in  figure  1. 
The  filling  of  the  lungs  by  swallowing  (upstroke)  is  preceded  by  opening 
of  the  glottis  and  escape  bt  some  air  into  the  buccal  cavity.  According 
to  most  of  the  competent  and  recent  invest^tors,  the  nares  are  closed 
during  the  whole  act  so  that  while  the  air  escapes  from  the  lung  it 
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does  Dot  actually  escape  through  the  narea.  Rebreathing  ia  therefore 
a  marked  feature  o£  the  frog's  lung  respiration.  The  buccal  movementi 
gdng  on  between  the  swallowing  acta  and  with  the  nares  open^  bring 
fresh  air  into  the  buccal  cavity. 

In  exceptional  cases  there  is  a  perfect  synchrony  between  the  buccal 
movements  and  the  actual  air  swallowing  (fig.  1,  B).    But  usually 


Fig.  1.  Reoordi  of  intr^ulmonio  prenura  in  trog/i,  Tracingi  A,  D,  B,  tak^ 
by  wKter  manometer;  traciogB  B  and  C  by  air  tranemiBsion  and  tambour.  Tno- 
ings  AtoD,  R«na  pipiens,  aaimalB  decerebrated  and  the  tip  of  ODe  lung  expOMd 
by  smatl  abdominal  incision.  No  anesthetics,  Bnimals  sitting  quietly  in  nor- 
mal posture.  Tracing  B  from  bull  frog  (R.  catesbiana),  tip  of  lung  ezpoaed  bj 
small  abdominal  inoision  affer  cocaine,  animal  sitting  quietly  in  a  darkened  moist 
box;  time,  5  seconds.    Showing  varying  types  of  respiration  in  the  frog 

All  the  tracings  n  this  article  are  reduced  to  about  |  of  the  original. 

several  buccal  movements  are  made  between  each  swallowing  act 
(fig.  1,A),  and  a  striking  feature  of  the  fur  swallowing  rhythm  in  most 
frt^  is  a  periodicity  similar  to  the  Cheyne-Stokes  breathing  in  mammals. 
This  has  been  observed  by  most  of  the  former  investigators  on  the 
respiratory  movements  in  the  frog  (Luschinger  and  Sakalow  (15), 
LangendorfF  (12),  (13),  Wedenskl  26,  Sherrington  (23),  etc.).    The 
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frog  may  go  on  over  long  periods  swallowing  as  mQcb  air  as  that  which 
previously  escaped  through  the  open  glottis,  thus  maintainiDg  a  con- 
stant general  level  of  intrapulmonic  presaure  of  1  to  2  cm.  of  water. 
This  type  may  periodically  change  into  one  in  which  dming  a  few 
powerful  air  swallowings  the  amount  of  air  forced  in  greatly  exceeds 
the  quantity  that  escaped  between  the  time  of  glottis  opening  and  the 
swallowing  act.  In  consequence  of  this  the  lungs  expand  and  the 
intnqiulmonic  pressure  rises  from  the  general  level  of  1  to  3  cm.  of  water 
up  to  a  level  of  6  to  9  cm.  of  water.  All  respiratory  movements  then 
cease  for  periods  varying  from  5  to  60  seconds  and  the  act  is  renewed, 
that  is,  the  quantity  of  air  let  out  of  the  lung  in  each  respiratory  act 
is  greater  than  that  forced  in;  the  lung  shrinks  and  the  intrapulmonic 
pressure  falls  to  its  former  general  level  of  1  to  2  cm.  of  water  (fig.  1, 
C,  D,  E). 

According  to  our  experience,  this  is  the  usufU  type  of  respiration  in 
the  fn^.  As  previously  noted  by  Sherrington  and  others,  decerebra- 
tion  or  other  methods  of  preparation  are  not  responsible  for  inducing 
it.  It  is  probably  a  normal  rhythm  developed  in  connection  with  the 
habitual  under-water  existence  of  the  animal.  During  the  respiratory 
pause  with  high  intrapulmonic  pressure  this  pressure,  as  recorded  by 
the  ordinary  water  manometer,  may  show  an  initial  rise  and  then  re- 
main at  a  fairly  constant  level  until  the  next  respiratory  act,  but  if 
the  pause  is  long  the  intrapulmonic  pressure  gradually  falls,  due,  not 
to  esca^  of  air  through  the  glottis,  but  to  relaxation  of  the  tonus  of 
the  lung  musculature. 

S.  Active  lung  contractions  and  lung  inhibitions  associated  with  the 
respiratory  movements. 

a.  Contractions.  The  reader's  attention  is  invited  to  the  tracings 
reproduced  in  figures  2  and  3.  It  will  be  noted,  egpecially  on  the  upper 
traciz^  in  figure  2,  that  at  the  end  of  the  last  respiration  followed  by 
a  Cheyne-Stokes  pause,  there  is  a  latent  period  of  1  or  2  seconds  fol- 
lowed by  a  rise  in  the  intrapulmonic  pressure  that  may  exceed  the 
maximum  upstroke  of  the-final  inspiration.  When  the  pause  is  suffi- 
ciently long  and  registration  apparatus  sufficiently  delicate,  it  will  be 
seen  that  this  rise  in  pressure  is  due  to  a  contraction  lasting  from  10 
to  15  seconds.  These  contractions  are  evidently  due  to  the  activity 
of  the  lung  musculature,  for  we  have  observed  them  in  animals  after 
isolation  of  the  lungs,  fixatit)n  or  resection  of  the  abdominal  and  shoulder 
muscles  or  destruction  of  the  entire  spinal  cord  below  the  medulla. 
Moreover,  the  changes  in  the  intrapulmonic  pressure  due  to  active 
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coDtractiona  or  relaxation  of  the  skeletal  musculature  are  more  rapid. 
The  contractions  are  also  too  slow  to  be  due  to  passive  elastic  rebound 
of  the  connective  tissue  of  the  lung.  They  are,  however,  very  similar 
to  the  quick  spontaneous  contractions  that  are  seen  at  times  in  the 
hypertonic  frog  lung  after  cutting  the  vagi  or  complete  destruction 
of  brain  and  spinal  cord  (Sg.  7) .  The  tracing  in  ^ure  3  illustrates  the 
fact  that  these  lung  contractions  may  follow  single  respiratory  move- 
ments, if  the  pause  between  two  successive  swallowings  is  of  suffident 
duration. 

It  would  seem  that  these  contractions  of  the  lung  musculature  fol- 
lowing the  active  inspiration  or  attempts  at  inspiration  have  not  been 
seen  by  previous  workers,  except  possibly  Graham  Brown  (5).    On 


Fig,  4.  Water  manometer  trBcings  of  the  contractioni  of  the  lung  musculature 
in  the  frog  (Rana  pipieoB)  that  follow  upon  the  external  respiratory  movements. 
Spin«l  eord  transected  and  destroyed  below  the  medulla.  Lungs  isolated  and 
cannulated  (tip).  Glottis  closed  with  forceps  bo  that  there  is  no  communication 
between  the  two  lungs.  A,  upper  tracing  equals  left  lung;  lower  tracing  equals 
right  lung.    B,  same.    X  —  pharyngeal  respiration  or  attempt  at  swallowing 

some  of  the  tracings  published  by  Brown  there  is  an  increased  pressure 
in  the  lungs  shortly  before  expiration,  and  Brown  suggests  that  this 
is  due  to  muscular  contractions  in  the  lungs. 

The  lung  contractions  do  not  depend  on  the  change  in  tension  on 
the  lung  tissues  following  a  forceful  inspiration.  The  glottis  may  be 
closed  and  the  pressure  in  the  lungs  raised  to  that  of  the  normal  of 
1  to  3  cm.  of  water,  and  in  such  preparations  each  attempt  at  respira- 
tion, ungle  or  a  series,  is  followed  by  lung  contractions  (Sg.  4).  In 
preparations  with  the  glottis  closed  the  contractions  are  usually  more 
prolonged  than  those  seen  in  figures  2  and  3. 

We  are  thus  forced  to  the  conclusion  that  in  the  frog  the  normal 
inspiratory  movements  lead  to  active  contractions  of  the  lung  mus- 
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culature  through  associated  iimervation,  either  of  the  mot4)r  fibos  to 
the  lung  or  through  central  depression  of  the  inhibitory  fibers  oontrol- 
hi^  a  peripheral  automatism. 

b.  iTihtbition.  In  preparations  with  the  glottis  closed,  and  in  intra- 
puhnonic  pressure  approximately  normal  (1-3  cm.  of  water),  the  odtM 
respiratory  movements  lower  the  intrapuljnonie  pressure,  evidently  by 
inhibition  of  the  lung  muscle  tonus  (fig.  5).  With  the  glottis  clooed 
no  air  can  enter  or  leave  the  lungB.  The  respiratory  movements  of 
the  throat  and  pharynx,  especially  if  they  are  vigorous,  induce  slight 
fluctuations  in  the  intrapulmonic  pressure  of  equal  rapidity  with  the 
pharyngeal  movements.    Vigorous  movements  of  the  head  may  induce. 


Fig.  5.  Water  maaometer  tracings  of  tbe  intrapulmonic  pressure  in  frogi 
(R.  pipiens).  Spinal  cord  cut  and  pitbed  below  medulla.  Cannula  in  tip  of  lung, 
and  glottis  closed  (imperfectly)  by  cotton  and  collodion.  A ,  simultaneous  record 
from  botb  lungs  of  the  bull  frog.  B,  record  from  lung  of  R.  pipiens.  Showing 
inbibition  of  the  tonus  of  the  lung  musculature  during  tbe  active  respirator; 
movements.  Tbe  rapid  fluctuations  (respiration)  on  the  tracings  are  due  to 
movements  of  larynn  and  bead,  and  not  to  entrance  and  exit  of  air  into  the  lungs. 

possibly,  stronger  positive  pressure  in  the  closed  lungs  synchronously 
with  these  movements.  It  is  possible  but  not  probable  that  the  lower- 
ing of  lung  muscle  tonus  during  the  rapid  and  rigorous  swallowing 
movements  are  due  to  mechanical  stimulation  of  the  lung  from  this 
source,  since  the  inhibition  cannot  be  produced  by  similar  fluctuations 
in  intrapulmonic  pressure  artificially  induced,  and  direct  mechanical 
stimulation  of  the  lungs  when  strong  enough  to  have  an  effect  causes 
contractions. 

The  return  of  the  lung  muscle  tonus  following  the  period  of  inhibition 
is  quite  similar  to  the  lung  contractions  described  in  previous  sections 
and  illustrated  in  figures  2,  3  and  4.  So  far  as  we  know,  this  inbibition 
of  the  lung  musculature  has  not  been  noted  by  previous  investigators. 
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The  utility  of  the  correlation  ia  obvious,  the  relaxatioD  of  the  lung 
musculature  diuing  inspiration  being  favorable  to  the  filling  of  the 
lui^  by  the  swallowing  act. 

THE  PERIPHERAL  HOTOB  AUTOHATISH  OF  THE  LDlf  OS  AND  THE  INPLUEKCE 

OP  THE  VAGI  AND  THE  CERVICAL  SYMPATHETIC  NERVES  ON 

THIS   AtrrOMATISU 

1.  In  preparations  with  the  glottis  closed,  lungs  isolated  from  the 
influence  of  skeletal  muscle  contractionB,  section  of  the  vago-«ym- 
pathetic  nerves  in  the  neck,  destruction  of  the  medulla,  or  hgation  of 
the  base  of  the  lungs  induces  immediaiely  a  permanent  hypertonus  or 
incomplete  telanus  of  Ike  lung  neuro-mitsculaT  mechanism  (figs.  6,  8  and 
9).  By  permanent,  we  refer,  of  course,  only  to  the  time  of  observation 
in  these  crucial  experiments,  that  is,  2  hours.  We  found  it  difficult 
to  maintain  the  preparation  in  good  physiolt^cal  condition  over  longer 
periods,  especially  with  both  lungs  contracted  down  so  that  the  lumen 
is  completely  obliterated  thus  preventing  limg  ventilation.  The  circu- 
lation also  fails  gradually. 

The  hypertonus  of  the  lungs  is  usually  at  its  maximum  shortly  after 
the  isolation  from  the  central  nervous  system,  and  there  may  be  a 
gradual  fall  of  the  tonus  durii^  the  observation  period  of  1  to  2  hours. 
This  gradual  fall  is  probably  due  to  the  failure  of  mwntaining  adequate 
circulation  in  the  lungs,  that  is,  to  asphyxia. 

This  remarkable  lung  reaction  is  obtained  in  all  frogs  in  good  pbya- 
ological  condition,  and  the  better  the  condition  of  the  frog  the  stronger 
the  lung  tetanus  on  sections  of  the  vagi.  In  frogs  in  poor  condition  (in- 
fected, starved  or  moribund  from  any  cause)  destruction  of  the  medulla 
or'vagi  section  causes  little  or  no  lung  tetanus.  In  such  preparations 
stimulation  of  the  peripheral  end  of  the  cut  vagi  also  fuls  to  influence 
the  lur^  tonus.  Poor  physiological  conditions  in  the  frog  are  evidently 
associated  with  lung  atony,  just  as  these  conditions  usually  involve 
atony  and  absence  of  stomach  rhythm  in  all  species  of  animals  so  far 
studied. 

We  have  occasionally  found  preparations  showing  marked  lung  tonus 
before  section  of  the  vagi  or  destruction  of  the  medulla,  that  is,  a  tonus 
greater  than  that  of  normal  respiration.  We  are  inclined  to  ascribe 
this  to  the  following  causes:  a,  temporary  depression  of  the  medulla 
or  nervous  "shock"  due  to  cutting  the  spinal  cord,  strong  mechanic^ 
stimulation  of  many  sensory  nerves;  6,  direct  mechanical  injury  to  the 
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Fig.  7.  Water  manometer  tracing  of  the  intrapulmonic  pressure  in  the  frog 
(R.  pipiens).  Showing  various  types  of  peripheral  automatism  aft«r  isolation 
of  the  lungs  from  the  centra!  nervous  system  (section  vago-sympathetic  nerves  or 
pithing  of  brain).    Time,  5  seconds. 


Fig.  8.  Water  manometer  tracing  of  the  intrapulmonic  pressure  in  the  frog's 
lung  (R.  pipiens),  showing  the  incomplete  tetany  of  the  lung  following  destruc- 
tion of  the  brain.  'Spinal  cord  cut  and  pithed  below  the  medulla.  Abdomen 
opened  and  lungs  freed  from  influence  of  skeletal  muscles.  Cannula  in  tip  of 
lung.  Glottis  closed  by  forceps,  leaving  vagi  nerves  and  lung  circulation  intact. 
a,  TraasectioD  of  upper  jaw.  6,  Crushing  of  brain  (including  medulla)  by  artery 
foEceps.    Time,  5  seconds. 
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lungs;  c,  partial  asphyxia  of  medulla  and  lungs  from  failure  of  Ute 
circulation  (unavddable  hemorrhage,  etc.).  In  such  preparations  the 
section  of  the  vagi  or  the  destruction  of  the  brain  may  cause  a  slight 
increase  of  the  lung  tonus  (fig.  9).  The  lung  of  the  bull  frog  panes 
into  prolonged  hypertonus  on  direct  mechanical  stimulation  more  read- 
ily than  does  the  lung  of  the  common  grass  frc^  (R.  pipiens). 

In  our  most  vigorous  preparation-  the  lung  tetanus  following  iso- 
lation from  the  central  nervous  system  is  extreme,  that  is,  all  of  the 
air  is  driven  out  of  the  lung  cavity  into  the  water  manometer  and  the 
lung  cavity  is  completely  obliterated.    Even  the  traces  of  mucus  are 


,  Fig.  9.  Water  manometer  record  of  the  intrapulmonic  pressure  in  the  trog'n 
lung,  Bhowjng  moderate  tetanus  or  tonus  of  the  lung  on  destruction  of  the  bnin. 
Spinal  con)  cut  and  pithed  below  the  medulla;  frog  fixed  on  dorBsl  side,  and  lungs 
isolated  from  influence  of  skeletal  musculature.  Cannula  in  tip  of  lungs;  glottis 
closed  by  forceps,  also  shutting  olT  air  communication  between  the  two  lungs. 
Signal  =  crushing  of  brain  with  forceps.  Signal  line  =  the  tero  line  of  water 
pressure  for  right  lung  (lower  tracing).    Time,  5  seconds. 

forced  into  the  cannula  in  the  tip  of  the  lungs.  The  maximum  intra- 
pulmonic pressure  thus  developed  is  from  6  to  10  cm.  of  water  above 
the  pressure  existing  during  normal  respiration,  that  is,  a  total  pressure 
of  from  7  to  12  cm,  of  water.  This  is  not  the  maximum  pressure  the 
lung  tetanus  is  capable  of  developing.  If  the  lungs  are  connected  with 
a  mercury  manometer  so  that  some  air  still  remains  in  the  lung  ca\-ity, 
even  under  the  maximum  lung  tetanus  following  vagi  section,  the 
intrapulmonic  pressure  rises  to  the  surprising  height  of  20  to  40  mm.  Hg. 
(25-50  cm.  water). 

S.  The  tiature  of  the  peripheral  lung  tetanus.  In  most  of  our  prepara- 
tions the  water  manometer  tracings  of  the  lung  tonus  following  isolation 
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of  the  lungs  from  the  central  nervous  eystem  show  a  straight  hue 
indicating  a  continuous  tonic  or  complete  tetanic  contraction  (Gg. 
9).  The  more  v^rous  preparations  exhibit  various  types  of  rhythmic 
contractions  superimposed  on  the  continuous  hypertonus,  at  least  dur- 
ing the  first  16  to  60  minutes  following  the  lung  isolation.  But  even 
in  these  preparations  the  rhythm  fails  before  the  complete  failure  of 
the  tonic  state  of  contraction  in  later  stages  of  the  record.  It  would 
thus  seem  that  the  appearance  of  rhythm  on  the  hypertonic  state  of 
the  limg  is  a  question  of  physiological  condition  of  the  lung  motor 
mechanism. 

The  usual  type  of  the  rhythmic  lung  contractions  is  shown  in  figures 
6  and  8,  that  is,  a  slow  rhythm,  the  contraction  and  relaxation  requiring 
2  to  3  minutes.  In  general,  the  more  vigorous  the  preparation  the 
more  rapid  the  rhythmic  contractions.  In  other  preparations  contrac- 
tions last  only  20  to  30  seconds,  and  occasionally  this  fsster  rhythm 
may  be  superimposed  on  the  slower  rhythm  (fig.  7),  both  rhythms  being 
in  turn  superimposed  on  the  continuous  hypertonus.  Whether  these 
varying  types  of  contractions  involve  different  musculatures  cannot  be 
made  out  by  the  present  method  of  experimentation.  The  continuous 
hypertonus  as  well  as  the  strong  slow  rhythm  seem  to  involve  the  whole 
lung.  The  more  rapid  rhythm  is  too  feeble  to  be  detected  by  direct 
inspection  of  the  lung.  Nothing  that  could  be  interpreted  as  peristaltic 
contractions  similar  to  those  exhibited  by  other  visceral  structures  has 
so  far  been  noted  by  us,  although  our  water  manometer  tracings  of 
the  lung  hypertonus  as  slow  rhythmic  contractions  suggest  many 
points  of  similarity  to  the  contractions  of  the  empty  stomach  as  recorded 
by  the  balloon  method.  This  may  be  of  significance  in  connection  with 
the  fact  that  the  lung  is  a  diverticulum  from  the  foregut  (esophagus). 

It  appears  that  this  striking  lung  tetanus  or  hypertonus  following 
isolation  of  the  lungs  from  the  central  nervous  system  has  not  been 
observed  by  previous  investigators,  evidently  because  none  have  sec- 
tioned the  vagi  after  closing  the  glottis  under  conditions  permitting 
recording  the  neuro-muscular  tonus  of  the  lungs.  Several  workers  have 
studied  the  influence  of  vagi  section  on  the  external  respiratory  move- 
ments of  the  frog.  Mochi  states  that  the  lungs  remain  permanently 
collapsed  and  empty  when  the  medulla  and  vagi  are  left  intact  but  all 
the  brain  anterior  to  the  medulla  removed.  This  is  probably  an  error. 
Langendorff  claims,  at  least,  that  the  external  respiratory  movements 
persist  after  removal  of  the  brain  anterior  to  the  medulla.  According 
to  Martin  (16)  and  Mochi  (17),  (18),  (19),  stimulation  of  the  optic 
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Pig.  10.  Wat«r  manometer  tracinga  of  the  intrapulmonic  pressure  in  the  frog 
(R.  pipiens).  Spinal  cord  cut  and  destroyed  below  medulla;  lungs  iaolated  and 
oannula  fixed  in  tip  of  lungs.    Glottis  closed. 

A:  Rightlung:  a,  section  of  vago-sympathetic  nerve;  b,  stimulation  of  peripb> 
eral  end  of  cut  nerve  with  moderately  strong  tetaniiing  current. 

B:  Left  lung;  left  vago-sympathetia  nerve  sectioned.  Stimulation  of  periph- 
eral end  of  cut  nerve  with  weak,  a,  and  strong,  6,  tetaniiing  current. 

C:  Left  lung,  after  section  of  left  vago-sympathetic  stimulation  of  peripheral 
end  of  cut  nerve  with  very  strong,  a,  and  moderately  strong,  b,  tetanising  current. 

D:  Left  lung,  in  very  strong  tonus  after  section  of  left  vago-sympathetic 
nerve.  Stimulation  of  the  peripheral  end  of  the  cut  nerve  with  weak,  a,  and 
strong,  b,  tetanising  current. 

S:  Upper  tracing  -left  lung;  lower  tracing  —  right  lung.  Signal  —  atimu- 
lation  of  the  peripheral  end  of  the  out  nerves.  Showing  inhibitions  of  lung  tonoi 
and  oontraetions  on  stimulation  of  the  peripheral  end  of  the  vago-sympathetie 
n«rv«. 
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lobes  accelerates  the  respiratory  movements.  This  may  indicate  a 
subsidiary  respiratory  center  anterior  to  the  medulla.  At  any  rate 
mere  decerebration  does  not  induce  lung  tetanus  in  our  experieoce. 

Martin  (16)  states  that  destruction  of  the  brain  and  spinal  cord 
leaves  the  lungs  entirely  empty  of  air,  but  he  does  not  make  out  or 
rect^nize  that  this  ia  due  to  a  persistent  lung  tetanus.  Babak  (2) 
quotes  a  number  of  authors  as  havii^  shown  that  after  ve^  section 
or  lung  extirpation  the  frogs  swallow  air,  periodically,  into  the  stomach, 
and  the  air  may  actually  escape  by  the  cloaca.  Berti  and  Marzemin 
(4)  state  that  section  of  the  vt^i  peripheral  to  the  superior  laryngeal 
branch  results  in  irregular  attempts  at  lung  respiration  on  elevation 
of  the  temperature.  Nikohdes  (20),  (21)  states  that  vagi  section  slows 
the  respiratory  movements  making  them  at  the  same  time  irregular 
and  stronger.  Heinemann  (9),  one  of  the  earhest  observers,  states 
that  section  of  both  vagi  leads  in  the  course  of  several  days  to  such 
abnormal  filling  of  the  lungs  that  some  of  the  viscera  are  pushed  out 
through  the  cloaca.  But  when  he  opened  the  abdomen  of  these  frogs 
the  lungs  were  found  collapsed  or  only  partly  filled.  It  is  possible  that 
Heinemann's  fr<^9  actually  swallowed  air  into  the  stomach  and  intes- 
tines because  of  persistently  constricted  lungs.  Soprana  (24)  states 
that  vagotomized  frogs  breathe  slower  and  deeper,  but  die  more  quickly 
from  asphyxia  on  elevation  of  the  temperature.  According  to  Pari 
(22),  the  vagotomized  frog  is  unable  to  fill  the  lungs,  the  lungs  remain 
coHapsed  for  weeks,  and  the  air  is  forced  into  the  stomach.  It  is  pos- 
sible that  Part's  permanently  collapsed  lungs  were  in  reality  in  a  con- 
stricted state.  But  the  method  of  observation  did  not  suffice  to  record 
the  fact. 

It  is  certain  that  the  force  of  the  air  swallowing  would  fail  to  cause 
air  to  enter  the  lungs  against  the  maximum  state  of  lung  contraction 
found  by  us  after  section  of  the  vagi  nerves.  But  wc  do  not  know 
how  long  this  hypertonus  persists  in  the  surviving  animal,  as  all  our 
experiments  to  date  have  been  crucial.  And  even  if  the  hypertonus, 
tonus  or  tetanus  remained  as  long  as  the  frog  continued  in  good  con- 
dition, failure  of  lung  respiration  may  soon  operate  to  place  the  frog 
below  par  in  general,  in  which  case  there  may  be  depression  of  the 
peripheral  lung  automatism  already  noted  by  us  in  animals  in  poor 
condition.  The  process  of  physiological  readjustment  of  the  peripheral 
lung  motor  mechanism  may  also  come  into  play,  similar  to  the  readjust- 
ment that  gradually  takes  place  in  the  case  of  the  heart  and  the  respir- 
atory center  in  the  medulla  after  vagi  section. 
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S.  The  action  of  the  vagi  and  the  cervical  sympathetic  nerves  on  the 
lung  motor  mechaniem.  a.  The  cervical  sympathetic  nerves.  Section  of 
the  cervical  sympathetic  before  its  union  with  the  vagus  has  no  effect 
on  the  lung  tonus  (fig.  II),  in  marked  contrast  to  the  effects  produced 
by  section  of  the  combined  vago-sympathetic  nerve.  Electrical  stimu- 
lation of  the  peripheral  end  of  the  cut  cervical  sympathetic  causes 
slight  contraction  of  the  lung  on  the  same  side.  It  is  difficult  to  stimu- 
late the  cervical  aj-mpathetic  nerves,  under  the  conditions  of  our  experi- 
ments, and  at  the  same  time  avoid  escape  of  the  current  to  the  vagus 


Fig.  II.  Watermanoinet«T  tracinge  of  the  intrapulmonic  pressure  in  the  frog's 
lungs  (R.  pipiene).  Frogs  decerebrated,  animals  fixed  on  dorsal  aide,  lungs  tso- 
lBt«d  from  influence  of  skeletal  muscle  contraction.  Cannula  in  tip  of  lungs. 
Glottis  closed. 

A:  Upper  tracing,  left  lung;  lower,  right  lung,  a,  section  right  cervical  sym- 
pathetic; b,  section  of  right  vagus;  c,  section  of  left  cervical  sympathetic;  d, 
section  of  left  vagus. 

B:  Upper  racing,  left  lung;  lower,  right  lung,  a,  section  of  right  cervical 
sympathetic  nerve;  signal,  stimulation  of  peripheral  end  of  right  cervical  sym- 
pathetic. In  this  preparation  the  left  cervical  sympathetic  and  both  vagi  were 
intact. 

C:  Record  from  left  lung,  showing  lung  contractions  on  stimulation  of  the 
peripheral  end  of  the  cervical  sympathetic  nerve  with  strong  tetanising  current, 
the  vagus  being  intact. 

Showing  motor  fibers  to  the  lungs  in  the  t^rvical  sympathetic  nerve,  but  no 
effect  on  lung  tonus  from  section  of  these  motor  fibers. 
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ganglion,  or  to  other  sensory  nerves,  thus  inducing  reflex  effects.  Our 
usual  technique  was  to  section  the  large  brachial  nerve  close  to  the 
vertebral  column,  taking  care  not  to  injure  the  slender  sympathetic 
trunk  passing  under  it;  also  section  the  root  of  the  hypoglossal,  and 
after  again  sectioning  these  nerves  peripherally,  handle  the  cervical 
sympathetic  by  the  stump  of  the  brachial  to  which  it  is  attached.  We 
also  made  it  a  point  to  apply  the  fine  pointed  electrodes  to  the  cervical 
sympathetic  trunk  at  least  3  mm.  distant  from  the  vagus  root.  But 
even  with  the  best  of  precautions  escape  of  current  to  adjacent  struc- 
tures could  not  always  be  prevented.  And  we  are  inclined  to  explain 
the  tnttUeral  lung  effects  produced  by  the  stimulation  of  one  sympa- 
thetic (fig.  11,  B)  as  due  to  escape,  and  consequent  refiexes.  It  is  to 
be  noted  further  that  it  requires  relatively  strong  tetanizing  currents 
applied  to  the  sympathetic  trunk  to  secure  the  lung  contractions. 
Inhibitory  effects  on  the  lung  were  never  obtained  from  the  cervical 
sympathetic  nerves. 

Our  conclusion  is  that  the  cervical  sympathetic  trunk  carries  motor 
(but  no  inhibitory)  fibers  to  the  lungs  via  the  vagi.  Under  the  con- 
ditions of  our  experiments  the  section  of  these  motor  fibers  has  no  effect 
on  the  lung  tonus,  showing  that  this  motor  mechanism  is  not  in  tonic 
activity,  and  that  the  section  of  the  nerves  is  not  a  sufficient  stimulus 
for  even  a  transient  contraction. 

6.  The  voffi  nerves.  We  have  seen  that  section  of  the  vagus  induces 
liermanent  hypertonus  in  the  lung  of  the  same  side.  Stimulation  of 
the  peripheral  end  of  the  cut  vagus  with  a  tetanizing  current  causes 
an  inhibition  of  this  tonus  followed  by  a  return  to  the  former  state. 
The  vagus  stimulation  is  thus  able  to  completely  abolish  (temporarily) 
the  tonus  induced  by  the  vagi  section.  In  the  preparations  showing 
no  lung  hypertonus  on  vagi  section  owing  to  peripheral  lung  atony 
vagus  stimulation  usually  causes  no  lung  inhibition. 

In  several  such  preparations  we  observed  that  the  vagi  also  failed 
to  influence  the  heart  rhythm.  We  can  state  that  the  f^ure  of  the 
vf^  to  act  in  the  normal  manner  on  the  lungs  and  heart  in  these  prepa- 
rations was  not  due  to  mechanical  injury  tothe  vagi  or  to  the  heart 
and  lungs.  The  significance  of  this  coincidence  requires  further  in< 
vestigation.  It  is  well  known  to  laboratory  workers  in  physiology  that 
one  frequently  encounters  frogs  in  which  the  vagi  stimulation  fails  to 
influence  the  heart.  This  inhibitory  action  of  the  vagus  on  the  Itmg 
is  obtained  with  the  minimum  and  up  to  relatively  strot^  tetanidng 
currents.    The  stronger  stimuli  produce  at  times  motor  after-effects. 
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and  very  strong  tetamzing  currents  may  produce  contractiOD  only  or 
a  brief  initial  contraction  followed  by  inhibition.  This  tatt«r  result 
was  obtained  by  stroi^  stimuli,  especially  in  preparations  showing 
less  than  the  maximum  lung  k»DUB  following  vagus  section. 

Stimulation  of  the  peripheral  vt^^us  inhibits  not  only  the  tonus  but 
also  the  spontaneous  rhythmic  contractions  that  may  be  superimpoeed 
on  the  lung  hypertonus  following  isolation  from  the  central  nervous 
system  (fig.  10,  E). 

It  is  thus  clear  that  the  vagi  and  the  cervical  sympathetic  nerves 
in  the  frog  bear  the  same  physiological  relations  to  the  lungs  as  they 
do  to  the  heart,  that  is,  motor  fibers  in  the  latter  and  inhibitory  fiben 
in  the  former  to  both  organs.  We  shall  show  later  in  the  section  on 
the  action  of  drugs  on  the  lungs,  that  some  of  the  motor  fibers  to  the 
lungs  are  true  vagi  fibers,  and  do  not  belong  to  the  cervical  sympathetic 
complex. 

4-  The  peripheral  lung  automatism.  We  are  now  in  position  to  analyie 
more  definitely  the  origin  of  the  motor  hypertonus  of  the  lungs  after 
vagi  section.  It  is  not  due  to  temporary  stimulation  of  motor  fibers. 
We  have  shown  that  section  of  the  sympathetic  nerve  fibers  has  no 
elTect.  There  are  some  motor  fibers  to  the  lungs  of  pure  vagus  origin. 
But  cutting  of  these  fibers  produces  no  effect  on  the  lungs,  after  previous 
paralysis  of  the  inhibitory  vagi  fibers  by  large  doses  of  nicotine.  It  is 
not  due  to  mechanical  trauma  to  the  lungs.  Ligation  of  the  base  of 
the  lung  may  induce  lung  tetanus  by  direct  trauma  or  by  asphyxia, 
lung  circulation  being  cut  off.  But  stopping  the  circulation  by  excising 
the  heart  does  not  cause  lung  tetanus,  and  section  of  the  vagi  is  done 
without  touching  the  lungs  or  the  adjacent  structures.  Moreover,  the 
indirect  mechanical  disturbance  of  the  pharynx  and  the  base  of  the 
lungs  is  much  great«-  from  isolation  of  the  vagi  or  the  cervical  sympa- 
thetic nerves,  and  these  latter  procedures  do  not  bring  on  lung  tetanus. 
Tile  lung  hypertonus  is  not  an  asphyxia  phenomenon.  Exce8si\*e  Iimg 
ventilation,  normal  or  artificial,  will  not  prevent  or  abort  it,  if  the  vagi 
are  sectioned  or  the  brain  destroyed.  The  lung  hypermotility  is  not 
a  temporary  motor  reflcx^atc  induced  via  the  medulla  by  the  powerful 
afferent  impulses  induced  by  the  extensive  operative  trauma,  for  the 
lung  is  found  collapsed  and  maximally  contracted  in  fn^  with  the 
brain  destroyed,  without  previous  operative  injury  of  any  kind,  and 
we  know  of  no  other  reflex  stat*  that  may  persist  for  hours  after  lesion 
of  the  reflex  path.  It  is  not  unbkely,  however,  that  any  condition 
inducing  a  peripheral  limg  hypertonus  of  a  degree  interfering  with  the 
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respiratory  functioDS  of  the  lungs  would  augment  the  inhibitory  action 
of  the  medulla  on  the  lungs,  probably  through  sensory  fibers  from  the 
pulmonary  branches  of  the  vagi,  a  mechanism  analogous  to  that  of 
the  depressor  nerves  and  the  cardio-inhibitory  center. 

In  the  experiments  with  pithing  the  medulla  we  at  times  obtuned 
a  slight  temporary  inhibition  of  the  lung  tonus  prior  to  the  typical 
lung  tetanus.  The  temporary  inhibition  is  evidently  due  to  a  transient 
stimulation  of  the  medulla  inhibitory  center  by  the  act  of  destruction. 
It  ia  not  probable  that  the  subsequent  lung  hypertonus  is  due  to  a 
more  lasting  traumatic  stimulation  of  the  motor  fibers,  analogous  to  the 
effect  produced  on  the  heart  by  strong  stimulation  of  the  two  sets 
of  fibers  in  the  vagi  nerve  trunks.  This  possibility  is  disproved  by  the 
fact  that  nicotine  paralyzes  the  lung  inhibitory  nerve  mechanism,  leaving 
the  motor  nerve  mechanism  intact,  and  nicotine  causes  a  lung  tetanus 
which  is  not  augmented  by  subsequent  destruction  of  the  medulla  or 
section  of  the  vagi. 

Hence  we  must  conclude  that  in  the  frog  the  vagi  inhibitory  fibers 
to  the  lungs  are  in  constant  or  tonic  activity,  holding  the  peripheral 
motor  automatism  in  check,  and  that  on  removal  of  this  check  the 
lungs  go  into  a  persistent  tetanus  or  hypertonus.  In  other  words,  the 
lungs  of  the  frog  behave  like  the  heart  of  many  species  of  animals  on 
section  of  the  vagi;  the  heart  beats  faster,  the  lungs  become  hypertonic 
to  a  degree  that  nullifies  their  function. 

These  observations  place  the  lung  of  the  frog  in  the  same  category 
as  the  heart  and  the  alimentary  tract  as  regards  independent  peripheral 
motor  automatism.  In  all  these  structures  we  have  the  same  motor 
tissues,  viz.,  ner\'e  cells,  nerve  plexuses  and  musculature.  We  are 
therefore  confronted  by  the  same  problems  as  regards  the  nature  of 
the  mechanism  of  the  lung  automatism  that  have  engaged  the  attention 
of  the  physiologists  in  connection  with  the  heart  and  the  gut,  A 
question  of  equal  importance  is  the  persistence  or  modification  of  this 
primitive  lung  automatism,  in  health  and  disease,  in  other  groups  of 
lunged  animals. 

CHANGES   IN    INTRAPtTLMONIC   PRESSUKE   AS  A   RESULT  OF  THE 
STIMULATION   OF   VARIOUS    AFFERENT-NERVES 

No  investigations  have  been  made  on  reflexes  into  the  lung  muscula- 
ture. Most  of  the  previous  workers  have  been  engaged  in  a  study  of 
the  external  respiratory  phenomena  of  the  frog.    Wendenski  (26)  noted 
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"expiratory  tetany"  following  weak  stimulation  of  sensory  fibers  in 
the  vagi.  His  method  as  well  as  that  of  other  workers  was  not  designed 
to  note  actual  contractions  of  the  lui^  itself,  since  in  every  case  previous 
experimenters  worked  with  an  open  glottis.  However,  tracings  15  fuid 
16  of  this  article,  taken  from  doubly  vagotomized  frogs,  show  very 
sl^ht  inspiratory  and  expiratory  excursions  of  the  flanks  and  long 
tonus  variations  obviously  due  to  the  stroi^  tonus  of  the  lung  and  the 
tonus  contractions  in  the  lung  as  seen  by  us. 

Sensory  stimulation  of  any  sort,  be  it  electrical  or  mechanical,  has 
a  powerful  effect  on  the  external  respiration  of  the  frog  by  either  reduc- 
ing the  intrapulmonic  pressure  by  reflex  opening  of  the  glottis,  or  if 
the  latter  is  closed  by  heraostat  or  pressure  by  vaaelinized  cotton  at  the 
time  of  application  of  stimulus,  by  reflex  lung  contraction  which  will 
cause  .the  intrapulmonic  pressure  to  rise. 

Figure  12  A  shows  at  X  the  sudden  opening  of  the  glottis  in  de- 
cerebrated bull  frog,  holding  air  under  considerable  pressure,  following 
gentle  stroking  of  the  skin  of  the  hind  leg.  The  first  part  of  the  tracing 
shows  volimtary  respirations  {swallowing  of  air)  with  maintenance  of 
h^h  intrapulmonic  pressure.  The  prompt  collapse  of  the  lung  is  fol- 
lowed immediately  by  marked  respiratory  effects  which  raised  the  intra- 
pulmonic pressure  to  its  original  level.  Stimulation  of  the  skin  in 
another  preparation  similarly  prepared  [fig.  12  C)  not  only  increased 
the  volume  of  the  respiratory  gulps,  which  were  occurring  regularly 
and  continuously  prior  to  the  stimulation,  but  induced  the  animal  in 
every  instance  to  fill  the  lungs  to  the  maximum  capacity  in  the  fashion 
described  in  the  second  section  of  this  paper. 

Figure  12  B  shows  a  similar  collapse  of  the  lungs  in  Rana  pipiens  due 
to  opening  of  the  glottis  following  electrical  stimulation  of  the  urinary 
bladder  with  a  moderately  strong  t^tanizing  current. 

Tracing  D,  figure  12,  was  obtained  from  a  frog  with  brain  intact.  In 
this  animal  the  simple  approach  of  the  finger  or  person  at  a  led  to 
collapsed  lung  followed  by  more  or  less  marked  efforts  at  refilling. 

Id  all  tracings  reproduced  in  figure  12  the  glottis  was  open.  These 
preparations,  therefore,  were  not  favorable  for  a  study  of  the  pulmonary 
activity  itself  (lung  contractions  or  inhibitions)  following  the  stimu- 
lation of  various  afferent  nerves.  In  order  to  maintain  the  volume  of 
air  constant  we  closed  the  glottis  by  a  mosquito  forceps  or  vaselinized 
cotton  and  raised  the  intrapulmonary  pressure  to  a  point  mwntained 
by  the  animal  under  normal  conditions  and  then  noted  the  effect  of  the 
stimulation  of  the  afferent  nerves. 
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The  ligation  of  the  vagus  on  one  side  (mechanical  stimulatioD)  id 
many  instances  induced  rcfiex  contraction  of  the  opposite  lung.  Id 
the  present  state  of  our  knowledge  it  is  impossible  to  state  whether 
record  of  such  a  contraction  as  shown  in  figure  13  vl  at  X  is  due  to  reflex 
stimulation  of  the  lung  through  the  motor  fibers  of  the  vagus  or  due 
to  a  temporary  inhibition  of  the  tonic  inhibitory  control  over  the  lung 
via  the  vagi,  leaving  the  peripheral  automatic  mechanism  in  the  lung 
unchecked.  A  possible  answer  to  this  question  might  be  obtained  by 
noting  the  effect  of  such  stimulation  in  animals  in  which  the  tonic 
inhibitory  mechanism  has  been  previously  paralyzed  by  nicotine.  If 
under  these  conditions  stimulation  of  the  sensory  nerves  yields  the 
same  results  the  recorded  contraction  is  the  result,  not  of  a  temporary 
inhibition  of  the  tonic  inhibitory  mechanism,  but  due  to  the  reflex 
stimidation  of  the  pulmonary  motor  fibers  through  the  vagi  (and  sympa- 
thetics).  Consideration  of  the  law  of  reciprocal  innervation  would 
surest  that  under  normal  conditions  both  mechanisms  are  involved 
in  the  phenomenon  whose  graphic  record  is  that  of  a  rise  in  intrapul- 
monic  pressure. 

Irrespective  of  the  mechanism  or  mechanisms  involved  in  ultimately 
effecting  contractions  of  the  lungs,  we  can  confidently  say  that  stimu- 
lation of  the  skin  of  the  upper  mandible,  mild  mechanical  irritation  of 
the  anterior  nares,  mechanical  stimulation  of  the  bladder  and  cloaca,  or 
electrical  stimulation  of  the  urinary  bladder,  mesentery,  small  intestine, 
pyloric  end  of  stomach,  esophagus  and  central  end  of  the  brachial  nerve 
effect  reflex  contractions  of  the  lung.  These  points  are  shown  indi- 
vidually in  figure  13  and  figure  14,  which  with  the  accompanying 
legends  are  self-explanatory.  The  mode  of  preparation  of  the  animals 
used  in  both  series  is  virtually  the  same  with  this  exception:  In  the 
preparations,  records  of  which  are  illustrated  in  figure  13,  the  glottis 
was  clamped  by  means  of  a  mosquito  forceps ;  in  the  tracings  reproduced 
in  figure  14  the  glottis  was  kept  occluded  by  pressure  over  it  by  a  piece 
of  vasclinized  cotton. 

Of  these  records  two  deserve  particular  attention.  In  figure  13,  D, 
is  recorded  the  powerful  reflex  lung  contractions  obtained  by  closure  of 
the  glottis  by  a  hemostat.  A  decided  inhibition  preceded  the  con- 
traction. 

Tracing  E  in  the  sune  figure  shows  an  unusually  strong  reflex  con- 
traction of  both  lungs  as  a  result  of  crushing  the  skin  of  the  lower 
mandible. 
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Fig.  13.  Water  manometer  tracing  of  intrapulmonic  pressure  in  the  frog  (R. 
pipiens).  Spinal  cord  cut  and  destroyed  below  medulla.  Cannula  in  tip  of 
lungB,  abdomen  opened  and  the  lunga  isolated  from  abdominal  and  shoulder 
muMulature.    Glottis  closed  by  clamp  except  in  tracing  D. 

A:  Left  lung;  x,  ligation  of  right  vago-sympathtic  nerve,  showing  reflex 
contraction  of  left  lung  on  vagus  stimulation. 

it;  Upper  tracing,  left  lung;  lower,  right  lung.  X,  mechanical  stimulation 
of  the  skin  of  the  upper  mandible,  showing  reflex  lung  contraction. 

C  Upper  tracing,  left  lung;  lower,  right  lung.  XX,  mechanical  stimulation 
of  the  narea;  X,  mechanical  stimulation  of  the  cornea,  showing  reflex  lung  con- 
tractions. 

D:  X,  closure  of  the  glottis  with  artery  forceps,  showing  temporary  reflex 
inhibition  of  lung  tonus  followed  by  strong  contraction. 

E:  Upper  tracing,  left  lung;  lower  equals  right  lung.  XXX,  crushing  skin  of 
lower  mandible,  showing  exceptionally  strong  reflex  lung  contractions. 
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In  tbie  series  of  experiments  stimulation  of  the  fundic  end  of  Uw 
st<HnBch(^.  14,  D,  "c")  with  the  electrical  current  yielded  no  reflex  eoo- 
tractioQ  of  the  lui^  at  &  time  when  stimulation  of  the  pyloric  end  of 
the  stomach  and  cardiac  r^on  of  the  esophagus  with  the  same  strength 
of  current  gave  uniformly  striking  results. 


Fig.  14.  Water  manometer  tracings  of  the  intrapuimonic  preesure  in  the  frog's 
lung,  showing  reflex  contractions  of  the  lung  muaculature.  Frogs  decerebrated. 
Abdomen  opened,  lungs  isolated  from  influence  of  skeletal  muscle  coDtractione. 
Caonula  in  tip  of  lungs,  and  glottis  closed  with  a  plug  of  vaselined  cotton  pushed 
into  the  pharynx. 

A:  a,  mechanical  stimulation  (strolcing)  skin  of  hind  leg;  b,  pinching  toea  of 
bind  leg. 

B;  a,  mechanical  stimulation  of  urinary  bladder;  b,  electrical  stimulation  of 
urinary  bladder;  c,  mechanical  stimulation  of  cloaca. 

C:  Electrical  stimulation;  a,  large  intestine;  6,  mesentery;  c,  small  intestine. 

D:  Electrical  stimulation;  a,  small  intestine;  6,  pyloric  end  of  stomach;  e, 
fundus  of  stomach;  d,  esophagus  (cardiac  region). 

B:  a,  electrical  stimulation  of  central  end  of  brachial  nerve  plexus.  X, 
spontaneous  respiration  (quick  up  stroke}. 
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Id  a  summarizing  sentence  we  might  therefore  state  that  the  stimu- 
lation of  every  sensory  nerve  (afferent  visceral  or  cutaneous)  gives  rise 
reflexly  to  lung  contractions. 

THE  ACTION  OF  CERTAIN  DRU08  ON  THE  MOTOR  UECHANI8H  OF  THE  LUNQ 

Our  interest  in  the  action  of  drugs  on  the  neuro-muscular  mechanism 
of  frog's  lung  had  its  inception  during  our  study  of  the  physiolt^cal 
action  of  the  vagus  on  the  lung  musculature  following  electrical  stimu- 
lation of  the  nerve.  Such  stimulation  gave  at  outset  variable  results 
until  we  noted  that  the  effects  depended  to  some  extent  on  the  strength 
of  the  tetanizing  current  employed,  as  noted  above.  At  any  rate, 
we  had  good  reason  to  suspect  that  the  vagus  carried  both  motor  and 
inhibitory  fibers  to  the  lung  motor  mechaaism.  At  this  juncture  it 
occurred  to  us  that  the  use  of  drugs  might  be  helpful  in  clarifying  the 
situation. 

Nicotine.  Mindful  of  the  action  of  nicotine  in  abolishing  the  in- 
hibitory effect  of  vagus  stimulation  on  the  heart  without  affectii^  the 
motor  action,  we  assumed  that  the  drug  might  act  similarly  with  respect 
to  the  inhibitory  fibers  in  the  vagus  to  the  lung.  If  this  were  so,  elec- 
trical stimulation  of  the  vagus  following  the  injection  of  nicotine  might 
give  clearer  evidence  of  motor  fibers  in  this  nerve  than  before  nicotini- 
zation.  Since,  furthermore,  the  paralysis  of  the  ganglion  cells  in  the 
course  of  the  inhibitory  fibers  to  the  heart  effected  by  this  drug  is 
preceded  most  commonly  by  stimulation,  the  same  effect  might  be 
anticipated  in  the  case  of  the  inhibitory  fibers  to  the  lungs.  If  this 
were  true  nicotine  ought  to  cause,  on  injection,  an  inhibition  similar 
to,  if  not  identical  with,  the  inhibition  of  the  heart  commonly  observed 
as  the  marked  effect  of  stimulation  of  the  vagus  before  the  injection 
of  the  drug,  especially  if  the  tonic  central  inhibitory  control  exercised 
over  the  lungs  via  the  vagi  had  been  abolished  by  cither  sectioning  of 
the  nerves  or  destruction  of  the  medulla. 

The  results  obtained  exceeded  our  expectations.  Inspection  of  figure 
15  (at  g)  shows  that  1  mgm.  nicotine  when  intravenously  injected  effects 
a  pulmonary  inhibition  in  the  lungs  released  from  the  tonic  inhibitory 
influenceof  vagus  by  section  of  these  nerves  (at  a  and  6)  which  compares 
favorably  with  the  inhibition  obtained  by  previously  stimulating  the 
nerves  with  a  tetanizing  current  of  moderate  intensity  (see  e  and  /). 

If,  on  the  other  hand,  the  nicotine  is  injected  intravenously  in  an 
animal  following  ligation  and  section  of  but  one  vagus,  as  in  figure  16, 
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the  immediate  effect  on  the  lungs  is  an  inhibition  of  the  tonus  of  the 
lung  which  has  been  denervated,  and  an  escape  from  the  tonic  inhibitory 
influence  exercised  by  the  vagus  on  the  lung  which  is  still  connected 
with  its  center,  as  at  c,  where  the  left  lung  (upper  tracing)  shows  a  rise 
in  tonus  occurring  in  the  course  of  an  inhibiton  of  the  right  lui^,  the 
latter  comparing  favorably  with  the  inhibition  effected  by  previous 
stimulation  of  the  va^s  (b).  In  this  experiment  the  left  valgus  has 
been  cut  phyaiologicaUy  by  the  drug. '  If  at  the  time  of  this  dni^  cutting 
the  vagus  through  central  action  is  exercising  its  maximum  inhibition 
on  the  lung,  the  effect  of  the  primary  stimulating  action  of  the  drug 
would  not  appear  since  the  lung  at  the  time  of  drug  stimul^ion  is 
already  under  maximum  inhibitory  control.  As  a  matter  of  fact,  in 
the  majority  of  preparations  this  is  apparently  the  case,  the  drug  nico- 
tine simply  releasing  the  peripheral  automatic  mechanism  fiiom  the 
maximum  tonic  inhibitory  effect  of  the  center  through  the  vagus. 
This  release  is  certainly  complete  for  section  of  the  v^;us  to  this  lung 
is  without  further  effect  on  its  tonus.  This  latter  fact  wouldfurther- 
more  indicate  that  the  more  or  less  prompt  rise  of  intrapulmonary 
pressure  following  section  of  the  vagus  without  nicotine  was  due,  not 
to  the  mechanical  stimulation  of  the  motor  fibers  cont^cd  in  this 
nerve,  but  to  the  removal  of  the  tonic  inhibitory  control.  That  the 
vagus  nerve  contains  such  motor  fibers  can  be  shown  very  satisfactorily 
ID  any  preparation  that  has  been  nicotinized.  In  figure  16  electrical 
stimulation  of  the  nerves  after  uicotSne  (as  at  g,  right  vagus,-  and  h, 
left  vagus)  gives  now  marked  contraction  of  the  lung  instead  of  the 
usual  inhibition  before  nicotine  (b). 

Figure  17,  A,  is  offered  as  another  example  of  this  phenomenon. 
Following  the  release  of  the  left  lung  from  tonic  inhibitory  control 
exercised  over  it  through  central  vagal  control  by  section  of  the  left 
vagus  at  a,  2  mgm.  nicotine  were  injected  at  b  with  the  result  that  the 
right  lung  was  now  released  from  its  inhibition  by  the  "cutting"  action 
of  the  drug  and  the  left  lung  was  inhibited  by  the  primary  stimulation 
action  of  the  drug  on  the  inhibitory  mechanism  of  the  left  lung.  Figure 
17,  B,  shows  the  change  in  effect  as  a  result  of  electrical  stimulation 
of  the  vagus  nerve  following  the  injection  of  nicotine.  In  this  experi- 
ment stimulation  of  the  vagus  at  b  caused  pronounced  inhibition.  The 
injection  of  nicotine  at  c  was  followed  by  the  usual  inhibition  in  the 
lung  which  has  been  released  from  the  tonic  inhibitory  control  by 
section  of  the  nerve  at  a.  Subsequent,  however,  to  this  nicotinization, 
electrical  stimulation  at  d  caused  marked  contraction  of  the  lung  instead 
of  inhibition. 
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The  results  are  uniformly  clear-cut  and  decisive.  By  means  of  tbis 
drug  nicotine  it  is  possible  to  differentiate  between  two  types  of  efferent 
pulmonary  fibers  occurring  in  the  vagus,  i.e.,  inhibitory  fibers  and  motor 
fibers..  The  former  exercise  in  the  normal  frog  a  powerful  inhibitory 
control  over  the  lung  and  are  either  more  numerous  or  more  readily 
susceptible  to  electrical  stimulation  than  the  motor  fibers.  It  is  only 
after  the  abolition  of  the  inhibitory  control  of  the  lung  by  nicotine  that 


Fig.  17.  Water  manonieter  tracings  of  the  intrapulmonic  pressure  in  the  frog 
<R.  pipieas).  Spinal  cord  cut  and  destroyed  below  the  medulla.  Glottis  closed. 
Cannula  in  tip  of  lungs.    Lungs  isolated  from  influence  by  skeletal  musculature. 

A:  Lower  tracing,  right  lung;  upper,  left  lung,  a,  Ligation  of  left  vagus;  b, 
injection  of  2  mgm.  nicotine  in  10  cc.  Ringer's  solution  into  abdominal  vein. 
Showing  abolition  of  the  tonic  vagus  inhibition  of  the  lung  n euro-muscular  mech- 
anism by  nicotine. 

it:  Tracing  from  right  lung,  a,  Ligation  of  right  vagus;  b,  stimulation  of 
'  peripheral  end  of  right  vagus  with  weak  tetanizing  current;  e,  injection  of  2 
mgm.  nicotine  in  10  cc.  Ringer's  solution  into  abdominal  vein;  d,  stimulation  of 
peripheral  end  of  right  vagus  with  same  strength  of  tetaniiing  current  as  at  6. 
Showing  inhibition  of  lung  tonus  and  paralysis  of  the  vagi  inhibitory  fibers  by 
nicotine. 

C:  Tracing  from  left  lung,  a,  Injection  of  5  mgm.  nicotine  in  5  cc.  of  Ringer's 
solution  into  the  heart;  b,  injection  of  1  cc.  1-1000  histamine  into  the  heart. 
Showing  stimulation  of  the  lung  by  large  doses  of  nicotine  and  stimulation  by 
histamine  after  paralysis  of  the  inhibitory  nerves  by  nicotine. 
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electrical  stimulation  yielda  a  more  or  less  marked  motor  effect.  Nor 
are  these  motor  fibers  of  sympathetic  origiii  rmmiog  in  the  tnmk  of 
the  vagus;  for,  granting  the  presence  of  some  motor  fibers  in  this  nerve 
to  the  lung,  the  motor  response  on  stimulation  of  the  sympathetic 
after  nicotine  is  smaller  in  a  given  animal  than  the  response  from  the 
vagus  itsdf,  as  noted  earlier  in  the  paper.  In  short,  the  vagus  nerve 
contuns  two  sets  of  fibers  to  the  pulmonary  motor  mechanism  of  whidi 
the  inhibitory  exerts  a  tonic  predominant  control;  the  motor  fibers  are 
apparently  not  in  a  stale  of  tonic  activity  for  sectioning  of  the  vagus 
^ter  cutting  the  inhibitory  fibers  in  this  nerve  by  nicotine  has  no  further 
effect  on  the  intrapuhnonic  pressure.  It  would  appear  on  the  basis 
of  our  phannacolc^cal  studies  that  the  inhibitory  fibers  of  the  vagus 
have  interpolated  in  their  course  to  the  automatic  tissues  nerve  odls 
on  which  the  drug  acts;  the  motor  fibers  on  the  other  hand  run  directly 
to  the  automatic  tissue. 

Large  doses  of  nicotine.  Whereas  the  constant  ^ect  of  the  intrave- 
nous injection  of  small  doses  (2  n^m.)  of  nicotine  in  the  previously 
denervated  lung  (by  vagotomy)  is  inhibition,  injection  ctf  huge  doMS 
(5  mgm.  or  more)  causes  pronounced  contraction  of  the  lung.  TUs 
is  well  shown  in  figure  17,  C,  where  the  injection  of  5  mgm.  caused  more 
or  less  abrupt  contraction  followed  by  slow  relaxation.  It  is  probable 
that  the  nicotine  in  this  dosage  acts  as  a  direct  stimulant  to  the  smooth 
musculature. 

Atropine.  This  drug,  even  when  given  in  large  doses,  does  not  para- 
lyze the  endings  of  the  inhibitory  fibers  to  the  lungs  as  it  paralyses 
the  cardio^nhibitory  nerve  endings.  Figure  18,  ^,  is  a  tracing  from 
a  frog  which  had  received  i  cc.  of  a  0.1  per  cent  solution  of  atropine 
sulfate  45  minutes  previous  to  experimentation.  Rthing  of  the  brain 
at  a  was  followed  by  the  typical  escape  of  the  lung  from  tonic  central 
inhibitory  control.  The  failure  of  atropine  to  paralyze  the  inhibitory 
nerVe  ending  in  the  lung  is  shown  fiuther  by  theiact  that  even  mechani- 
cal stimulation  of  the  nerve  at  6  gave  powerful  inhibition,  as  did  eleo- 
trical  stimulation  at  c.  As  an  after-effect  of  mechanical  or  electrical 
stimulation  of  the  nerve  there  were  pronounced  motor  effects.  ITie 
results  obtained  from  the  right  lung  of  anotlier  frog  were  somewhat 
different.  Here  (fig.  17,  B)  ligation  of  the  va^us  caused  the  usual 
escape  of  the  lung  from  the  inhibition.  On  the  other  hand,  mechanical 
stimulation  due  to  handling  of  the  vagus  nerve  (at  b)  was  followed  by 
contraction.  Stimulation  of  this  nerve  at  c  with  a  mild  tetaniring 
current  was  in  this  mstance  followed  by  contraction  instead  of  the 
usual  inhibition. 
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To  meet  the  objection  that  in  these  cases  the  dosage  was  too  sm^ 
and  that  the  effects  of  the  drug  had  worn  off  before  experimentatioD 
was  begun,  we  prepared  another  frog  as  follows:  After  deccrebration, 
insertion  of  the  cannula  into  the  tips  of  both  lungs,  and  clamping  of 
the  glottis,  we  sectioned  the  left  vagus  and  obtained  the  usual  escape 
of  the  lung  from  the  tonic  central  inhibition  control.  Stimulation  of 
this  nerve  gave  the  usual  inhibition.  The  intravenous  injection  of  ) 
ragm.  atropine  did  not  effect  the  result  of  stimulation  of  the  vagus. 
We  now  injected  within  1  hour's  time  in  successive  doses,  1,  2  and  4 
mgm.  atropine  sulphate.  These  injections  did  not  change  the  usual 
reaction  obtained  from  stimulation  of  the  peripheral  vagus.  Following 
the  injection  of  the  last  4  mgm.,  the  r^ht  lung  escaped  from  central 
inhibitory  control  in  a  manner  indistinguishable  from  section  of  its 
vagus  nerve.  Apparently  this  huge  dose  of  atropine  paralysed  the 
center,  for  section  of  the  right  vagus  was  without  further  effect.  Stimu- 
lation of  its  peripheral  end,  however,  yielded  even  now  inhibition  fol- 
lowed by  contraction  of  the  lung,  indicating  that  the  chief  action  oo 
the  lung  of  atropine  in  huge  doses  is  not  peripheral.  Since  decided 
motor  after-effects  result  from  stimulation  of  vagus  to  the  lung  in  a 
heavily  atropinieed  frog,  we  might  conclude  that  the  drug  likewise 
has  some  effeti  in  paralyzing  the  inhibitory  nerve  endings  unless  we 
assume  that  it  sensitizes  the  motor  nerve  endii^  in  the  vagus.  At 
any  rate  the  peripheral  action  of  atropine  and  nicotine  are  quantitSr 
tively  decidedly  different  if  one  compares  the  dosage  in  milligrams  and 
the  results  effected  thereby. 

Both  drugs  paralyze  the  center  and  likewise  act  on  the  peripheral 
mechanism.  Nicotine  accomplishes  both  results  quickly  and  decisively 
in  smaller  doses,  while  atropine  acts  on  the  center  only  in  large  doses 
and  only  renders  paretic  the  inhibitory  terminations  of  the  vagus. 
The  frc^  is  apparently  quite  tolerant  to  atropine.  Eight  millignuns 
injected  intravenously  into  a  decerebrated  trog  at  one  time  suspends 
external  re^iration  promptly  (as  does  1  xoffa.  of  nicotine).  Ex- 
amination of  the  lungs  shows  them  contracted.  But  almost  complete 
recovery  sets  in  within  an  hour  and  at  this  time  the  lui^  assume  tbor 
normal  size  and  function. 

Atropine  in  this  dosage  does  not  paralyse  the  terminals  of  the  in- 
hibitory fibers  of  the  lung  as  it  does  the  vagal  nerve  endings  in  the 
heart.  In  all  of  these  atropinized  preparations  stimulation  of  the  vagus 
nerve  was  without  effect  on  the  heart. 
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Adrenalin.  In  the  frog  the  irrigation  of  the  lung  itself  or  injection 
of  adrenaJin  chloride  into  the  circulation  causes  inhibition  of  the  auto- 
matic quick  rhythm  of  the  lungs  which  appears  spontaneously  as  noted 
in  a  previous  section  of  this  paper  or  inhibits  the  hypertonic  activity 
of  the  lui%  following  section  of  the  vagus.  As  illustrations  of  this 
effect  of  adrenalin  we  offer  figure  19,  A  and  B.  The  former  tracing 
shows  inhibition  of  the  quick  rhythm  when  adrenalin  was  applied  to  the 
lui^  directly  at  X;  the  latter,  inhibition  of  the  hypertonic  state  of  the 
lung  following  vagotomy. 


Fi(.  19.  Water  maaometer  tracioge  of  the  intrapulmonic  pressure  in  the  frog 
(R.  ptpiens).  Spiaal  cord  out  and  destroyed  below  medulla.  Cannula  in  tip 
of  lungs.  Vagi  nerveB  cut,  and  lungs  isolated  from  influence  of  skeletal  muscle 
oontraction. 

A :  X,  application  of  j^  cc.  adrenalin  chloride  (1-1000)  in  Ringer's  solutioii  to 
surface  of  lung. 

B:  X,  injection  of  iS  ec.  adrenalin  chloride  in  2  cc.  Ringer's  solution  into  the 
heart. 

0:  Upper  tracing,  left  lung;  lower  tracing,  right  lung.  Intravenous  injections 
of  histamine  in  2  cc.  Ringer's  solution;  a,  0.01  cc.;  h,  0.02  cc;  c,  0.06  ce.  1-1000 
histamine  hydcoehloride. 

Showing  inhibition  of  lung  tonus  by  epinephrin  and  stimulation  bj  histamiiM. 

Hialamitie.  Figure  19,  C,  and  figure  17,  C  at  b  show  the  effect  of 
histamine-HCl  on  the  neuro-muscular  apparatus  of  the  lui:^  when 
injected  intravenously  in  varying  concentrations.  In  moderately  snial) 
or  large  doses  it  causes  invariably  a  slight  contraction  of  the  lung  whidi 
in  amplitude  bears  no  relatiouship  to  the  dosage.  Our  experience,  M 
a  matter  of  fact,  leads  us  to  believe  that  successive  doses  of  the  drug 
given  within  a  relatively  short  period  of  time  have  less  and  less  effect 
because,  possibly,  of  the  cumulative  poisonous  property  of  this  drug. 
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1.  The  actual  respiratory  movements  (opening  of  glottis  and  swal- 
lowing of  air)  are  accompanied  by  relaxation  of  the  tonus  of  the  lung 
musculature,  due  either  to  greater  action  of  the  inhibitory  fibers  in 
the  vagi  or  central  inhibition  of  the  motor  nerve  mechanism,  on  the 
assumption  that  the  latter  is  in  tonic  activity.  This  inhibition  occurs 
durii^  the  respiratory  movements  even  when  no  air  can  enter  or  leave 
the  lungs.  It  is  therefore  of  central  origin,  an  effect  coordinated  with 
the  true  respiratory  act.  From  the  point  of  view  of  utility  the  in- 
hibition may  be  designated  as  a  "receptive  relaxation."  The  buccal 
movements  that  go  on  durii^  the  period  between  actual  air  swallowing 
do  not  seem  to  influence  the  lung  tonus. 

2.  At  the  end  of  the  respiratory  act  there  is  an  active  contraction  of 
the  lung  musculature,  after  a  latent  period  of  5  to  6  seconds.  Hiis 
contraction  is  of  variable  duration  (10  to  20  seconds)  depending  on 
the  respiratory  rate  and  the  condition  of  the  Iim^.  The  contraction 
is  usually  followed  by  a  gradual  tonus  relaxation  up  to  the  next  re^>ir- 
atory  act.  Occasionally  this  gradual  ttmus  relaxation  is  absent. 
These  active  lung  contractions  are  best  seen  during  the  pause  of  the 
Cheyne^tokes  type  of  breathing,  which  appears  to  be  normal  for  the 
frog.  The  contraction  is  cut  short  by  the  next  swallowing  act,  so  that 
when  the  animal  is  breathing  rapidly,  the  active  lung  contractions  are 
i^ot  .in  evidence,  the  lung  musculature  being  in  a  continuous  state  of 
'.^receptive  relaxation."  The  active  limg  contractions  following  a 
respiratory  act  can  be  accounted  for  by  a  lowering  of  the  inhibitory 
influence,  thus  permitting  the  peripheral  automatism  to  come  into 
ereater  play.  We  have  not  been  able  to  determine  whether  motor 
innervation  via  va^  and  sympathetic  nerves  also  play  a  rdle  as  con- 
tractions follow  the  respiratory  act  even  when  no  air  enters  or  leaves 
tiw  lungs.  It  is  not  a  reflex  initiated  by  the  stimulation  of  pulmonary 
sensory  fibers  through  lung  distention.  It  is  probably  entirely  central 
in  origin  and  referable  to  the  respiratory  center,  the  inspiratory  dis- 
cbaige  of  this  center  having  the  immediate  effect  of  a  temporary  stimu- 
lation of  the  inhibitory  mechanism  for  the  lung  tonus,  the  lung  con- 
traction of  the  end  of  the  inspiration  merely  .signifying  excess  back 
swing  of  the  central  inhibitory  control  on  its  return  to  the  more  or  lesa 
constant  level. 

.  3.  Section  of  the  cervical  sympathetic  fibers  has  no  effect  on  the 
lung  tonus  but  stimulation  of  these  fibers  before  they  join  the  vagi 
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nerves  causes  lung  contractions.  The  cervic&l  sympathetic  nerves 
contain  a  few  motor  fibers,  but  no  inhibitory  fibers  to  the  lungs.  These 
nkotor  fibers  in  the  sympathetic  do  not  appear  to  be  in  tonic  activity, 
but  our  experiments  on  this  point  are  not  final. 

4.  Section  of  the  vagi  nerves  or  destruction  of  the  meduUa  causes 
a  permanent  hypertonus  or  incomplete  tetanus  of  the  lim^.  This 
is  due  to  removal  of  a  tonic  inhibitory  check  on  the  peripheral  lung 
motor  mechanism  (peripheral  neuro-muscular  automatism).  Ligation 
of  the  pulmonary  branches  of  the  vagi  produces  the  same  effect.  The 
only  part  of  the  central  nervous  system  necessary  for  this  tonic 
inhibitory  control  is  the  medulla.  Section  and  destruction  of  the  entire 
spinal  cord  below  the  medulla  has  no  permanent  effect  on  the  tonus 
mechanism.  Decerebration  has  likewise  no  permanent  effect  on  it. 
Destruction  of  the  midbrain  causes  a  temporary  diminution  of  the 
lung  inhibition  probably  through  a  "shock"  state  of  the  meduUa.  The 
afferent  aspect  of  this  tonic  lung  inhibition  requires  further  study. 
The  most  important  afferent  pathway  is  probably  the  pulmonary 
branches  of  the  vagi. 

The  contractions  of  the  lui^  foUowiio^  vagi  section  are  powerful 
enoi^  to  develop  a  pressure  of  from  20  to  40  nun.  Hg.,  and  if  the 
glottis  is  not  artificiaUy  closed  all  the  lur  in  the  lung  cavity  is  forced 
out,  the  lungs  contract  down  to  a  solid  mass  and  are  thus  rendered 
useless  as  organs  of  respiration.  All  our  data  on  this  point  are  those 
of  acute  experiments  lasting  only  2  to  3  hours.  The  possible  readjust- 
ment of  this  peripheral  lung  automatism  to  meet  the  needs  of  the 
animal  after  double  vagotomy  is  being  investigated  by  long  time 
experiments. 

5.  Stimulation  of  the  peripheral  end  of  the  vagi  inhibits  the  lui« 
tcoius  induced  by  vagi  section.  Strong  tetanizing  currents  applied  to 
t^e  peripheral  vagus  trunk  usually  cause  strong  contractions  following 
the  primary  inhibition.  Nicotine  paralyzes  the  lung  inhibitory  fibers 
of  the  vagi  apparently  without  injury  to  the  motor  fibers,  so  that  after 
nicotine  vagus  stimulation  causes  lui^  contractions  only.  These  con- 
tractions are  stronger  than  can  be  caused  by  stimulation  of  the  cervical 
qmipathetic  nerve.  Hence,  on  the  basis  of  the  usual  interpretation 
of  nervous  action,  the  vagi  carry  both  inhibitory  and  motor  fibers  to 
the  lungs,  the  former  predominating  and  being  tonicaJly  active  like 
the  cardio-inhibitory  mechanism  in  many  animals. 

By  stimulation  of  the  peripheral  end  of  the  vagus  we  have  so  far 
failed  to  cause  a  greater  tonus  relaxation  in  the  lungs  than  that  which 
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existed  before  vagi  section.  This  means  either  that  the  tonic  vagi 
inhibitory  action  is  ordinarily  nlaximal,  or  that  the  simultaneous  stimu- 
lation of  the  motor  fibers  in  the  vagi  trunks  neutralizes  a  part  of  tJte 
inhibitory  effects. 

The  efferent  actions  of  the  vagi  and  the  cervicaJ  sympathetic  nerves 
on  the  lungs  are  unilateral.  Only  occasionally  have  we  seen  effecta 
on  the  lung  of  the  opposite,  in  case  of  sympathetic  stimulation.  IIub 
was  probably  due  to  escape  of  current,  and  not  to  actual  nerve  crosnng. 

6.  Reflex  contraction  of  the  lungs  are  induced  by  the  stimulation 
of  the  afferent  fibers  in  the  vagi,  by  stimulation  of  the  cutaneous  nerves, 
the  sensory  fibers  in  the  nares  and  the  cornea,  and  the  sensory  fibers 
in  the  visceral  organs.  These  lung  refiexes  could  be  brought  about 
either  by  augmented  action  of  the  motor  nerve  mechanism  or  by  de- 
pression of  the  tonic  inhibitory  mechanism.  On  the  basis  of  the  usual 
conceptions  of  reciprocJ  innervation  both  factors  are  probably  involved. 
It  is  thus  clear  that  practically  all  afferent  nerves  have  refiex  connection 
with  the  medullary  nuclei  controlling  the  lui^  tonus  and  contractifms. 

7.  As  stated  above,  it  is  possible  to  differentiate  between  the  motor 
and  inhibitory  fibers  in  the  vagus  trunk  by  means  of  nicotine.  This 
drug  in  moderate  doses  (2  mgm.)  paralyzes  not  only  the  respiratory 
center  but  also  the  peripheral  inhibitory  mechanism  so  that  subsequent- 
stimulation  of  the  vagus  causes  more  or  less  powerful  lung  contractions 
in  place  of  the  usual  inhibition  resulting  from  stimulation  of  this  nerve 
before  nicotinisation.  If  nicotine  is  injected  in  a  frog  that  has  suffwed 
bilateral  vagotomy  with  the  usual  escape  of  the  tonic  inhibitory  control 
of  the  corresponding  lung,  nicotine  effecta  a  marked  inhibition  of  this 
luog  and  after  a  alight  interval  an  escape  from  central  control  of  the 
other  hmg.  The  escape  of  the  one  lui^  does  not  occur  until  the  primary 
and  t^nporary  inhibiti<Hi  (stimulation)  of  the  peripheral  mechanisra 
in  the  other  is  about  over.  This  probably  means  that  the  lung  still 
connected  with  the  center  before  nicotinization  is  under  maximal 
central  inhibitory  control  ance  the  drug  in  this  instance  produces  no 
primary  inhibition.  Iniecti<Hi  of  nicotine  in  any  case  destroys  the 
central  toiiic  inhibitory  control  of  the  lungs  Biteiilar  to  destnicticm  of 
the  medulla  or  double  vt^tomy.  In  large  doses  nicotine  causes  cm- 
traction  of  the  lung  musculature  probably  by  direct  stimulation  of  the 
muscular  elements. 

8.  Atropine  in  doses  large  enough  to  paralyze  the  cardio-inhibitory 
fibers  of  the  vagus  has  no  effect  on  the  terminations  of  inhibitory  fibers 
in  the  limgs.    In  fact,  even  huge  intravenous  doses  (8  mgm.)  do  not 
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completely  paralyze  these  tenninstions.  Such  doses  paralyze  chiefly 
the  medullary  centers  which  send  out  the  inhibitory  impulses.  As 
a  result  the  lungs  contract.  But  even  this  center  recovers  within  an 
hour  and  again  assumes  its  tonic  inhibitory  control  over  the  lungs. 

fi.  Histamine  in  small  or  large  doses  (0.01  to  0.07  cc.  1 :  1000  sol.) 
causes  temporary  contraction  of  the  lung  musculature. 

10.  Epinephrin  inhibits  both  the  peripheral  automatic  tonus  and  the 
peripheral  automatic  rhythm  if  one  is  present. 
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A  BBVIEW  OF  THE  LITEBATCHB  ON  VENOUS  BLOOD  PRE8SCBI 

Aetrulofum  (^  venoua  pretswe  by:  1.  Peripheral  resutonoe.  It  is  usu- 
ally stated  that,  in  general,  increased  peripheral  resistance  (in  tbe 
artetioles) — other  things  being  equal — causes  a  rise  in  arterial  pressure 
and  a  fall  in  venous  pressure  and  that  decreased  resistance  has  the 
opposite  effect. 

Bayliss  and  St&rUng  (7)  and  Pliunier  (61)  advance  the  idea  that  an 
increased  peripheral  resistance  caused  by  vasoconstriction  decreases 
the  capacity  of  the  vascular  system  and  tends  to  cause  a  rise  of  pres- 
sure in  all  parts  of  the  system.  What  change  will  occur  in  the  venous 
pressure  will  depend  upon  whether  the  influence  of  the  decreased  Sow 
from  arteries  to  veins  causing  a  fall,  or  the  decreased  capacity  tA  tbe 
system  causing  a  rise,  predominates.  The  opposite  state  of  affairs 
holds  in  case  of  decreased  peripheral  resistance.  Sometimes  the  tend- 
ency for  tbe  venous  pressure  to  rise  is  exactly  counter-balanced  by  the 
tendency  to  fall.  B^liss  and  Starling  (7)  cit«,  as  an  illustratiott,  tbe 
absence  Of  venous  pressure  change  when  vasomotor  paralysis  has  been 
induced  by  section  of  the  cord  just  above  the  Erst  thoracic  segment. 
Flumier  (61)  also  il^jistrates  this  point.  He  finds  no  change  in  venous 
pressure  after  weak  or  strong  stimulation  of  the  central  stump  of  the 
vagus,  both  vagi  being  sectioned.  In  the  case  of  weaJc  stimulatioa, 
vasodilatation  was  produced  while  strong  stimulation  produced  vaso* 
constriction.  In  each  case,  however,  the  influence  of  the  peripheral 
resistance  on  the  venous  pressure  was  balanced  by  the  opposite  influence 
of  the  change  in  the  capacity  of  the  system. 

According  to  Bayliss  and  Starling  (7),  sometimes  tbe  venous  pres- 
sureHiaising  factor  in  vasoconstriction  of  the  arterioles  predominates,  as 
when  the  splanchnics  are  directly  stimulated  or  the  vasomotor  center 
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IB  stimulated  by  asphyxia.  The  objections,  as  advanced  by  Hill  and 
Barnard  (37)  and  Plumier  (61),  to  attributing  this  rise  in  venous  pres- 
sure to  decreased  capacity  of  the  vascular  system  will  be  diacusaed 
later. 

S.  Heart  rate.  The  authors  mentioned  above  (Bayliss  and  Starhog, 
and  Plumier)  state  that  a  rise  in  venous  pressure  ia  obtained  when 
the  heart  slows  or  stops  beatii^  because  there  is  a  tendency  toward 
equalization  of  pressure  throughout  the  system,  resulting  in  a  fall  in 
arterial  and  a  rise  in  venous  pressure  due  to  the  elasticity  of  the  arteries 
forcing  more  blood  into  the  veins.  UsuaUy  in  a  slowly  beating  heart 
the  output  per  minute  decreases  and  hence  the  heart  does  not  pump 
into  the  aorta  per  unit  of  time  as  much  as  it  did  before,  thus  causiiig  a 
back  pressure  in  the  pulmonary  veins,  which  eventually  affects  the 
right  heart  and  causes  a  rise  in  the  vena  cava  pressure.  This  would 
be  true  especially  when  there  was  an  increased  resistance  to  the  blood- 
flow  in  the  arteries,  as  in  vasoconstriction. 

Bayliss  and  Starling  (7)  consider  that  most  of  the  rise  of  venous 
pressure  after  peripheral  stimulation  of  the  vagus  is  -due  to  the  de- 
creased capacity  of  the  system  which  comes  as  a  result  of  the  anemic 
stimulation  of  the  vasomotor  center  following  the  low  arterial  pres- 
sure brought  about  by  such  stimulation.  Their  proof  of  this  is  that 
only  a  slight  rise  is  occasioned  by  stimulation  of  the  vagus  when  either 
the  cord  or  the  splanduucs  are  cut.  Plumier  (61)  has  a  different  ex- 
planation for  this.  He  considers  the  slowing  of  the  heart  of  primary 
importance'  and  the  vasoconstriction  of  secondary.  He  says  that 
cutting  the  cord  or  splanchnics  causes  such  a  marked  vasodilatation 
(arterial  pressure  in  one  of  Bayliss  and  Starling's  experiments  fell  from 
120  mm.  to  60  mm.  Hg.)  that  tendency  toward  equalization  of  pres- 
sures cannot  show  the  effect  that  it  would,  if  the  conditions  of  the 
vascular  system  were  normal.  This  point  is  perhaps  brought  out  more 
clearly  by  considering  what  changes  take  place  in  the  vascular  system 
under  asphyxia,  produced  by  removal  of  artificial  respiration  in  an 
animal  whose  chest  has  been  opened.  BayUss  and  Starling  offer  an 
explanation  for  this  rise  in  venous  pressure,  similar  to  that  ^ven  in 
connection  with  vagus  stimulation.  Plumier  (61)  attempts  to  prove 
his  point  that  vasoconstriction  ia  of  only  secondary  importance,  by 
comparing  the  effect  of  asphyxia  before  and  after  section  of  the  vagi. 
With  vof^  intact  the  arterial  pressure  rises  only  slightly  but  the  heart 
beat  soon  becomes  very  slow,  and  coincident  with  this  slowing  the 
venous  pressure  in  the  inferior  vena  cava  and  the  external  jugular  rises 
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markedly.  As  soon  as  artificial  Fespiration  ia  renewed  and  the  heart 
beats  faster,  the  venous  pressure  falls.  In  the  experiment  when  both 
vagi  are  out,  the  arterial  pressure  rises,  due  to  vasocoostrictioQ,  but 
the  venous  pressure  remains  unchanged,  until  (100  seconds  after  the 
banning  of  asphyxia)  the  heart  becomes  paralyzed  and  consequently 
slows,  and  the  blood  pressure  falls.  At  this  time  the  venous  pressure 
rises.  Furthermore,  after  artificial  respiration  has  been  renewed,  the 
arterial  pressure  rises,  due  to  continued  vasoconstrictitm,  and  when 
it  is  at  its  maximiim  the  venous  pressure  has  already  fallui  to  normal. 

The  difficulty  here,  it  seems  to  me,  is  in  tryii^  to  make  either  heart- 
slowing  or  vasoconstriction  alone  account  for  the  rise  in  venous  pres- 
sure. BayUss  and  Starting  (7)  themselves,  when  discussing  the  rise  of 
venous  pressure  after  splanchnic  stimulation,  say  (p.  172) :  "  In  experi- 
ment 5  one  of  the  vagi  was  intact  and  the  heart  was  slowed  as  usually 
occurs  when  the  splanchnics  are  stimulated.  One  might  be  inclined 
to  ascribe  the  rise  of  venous  pressure  to  this  slowing  of  the  heart, 
were  it  not  that  in  other  experiments  where  both  vagi  were  divided,  we 
still  obtained  a  slight  rise  on  stimulation  of  the  splanchnics."  Evi- 
dently, then,  the  slowing  of  the  heart  is  responsible  for  the  greater 
part  of  the  venous  pressure  rise,  if  not  absolutely  all.  On  the  other 
hand,  one  cannot  see  how  Flumier  can  be  sure  that  Bayliss  and  Starting 
are  wrong  in  ascribing  some  of  their  rise  in  venous  pressure,  after 
asphyxia  tor  instance,  to  the  decreased  capacity  of  the  system,  nnoe 
no  experiment  has  been  performed  in  which  that  factor  has  been  ruled 
out,  grantmg  that  Bayliss  and  Starling's  attempt  to  rule  it  out,  not 
only  ruled  it  out,  but  introduced  a  new  factor,  that  of  vasodilatation 
after  section  of  the  cord  or  splanchnics,  which  vitiated  the  comparison. 
It  would  seen  as  though  this  point  might  be  settled  by  an  arrangement, 
such  as  that  used  by  Heard  and  Brooks  (31),  for  keeping  the  arterial 
pressure  constant  under  varying  experimental  cpnditions.  When, 
after  adrenalin  or  asphyxia  with  vagi  intact,  the  change  in  capacity  of 
the  system,  due  to  vasoconstriction,  was  not  allowed  to  be  effective, 
one  could  then  see  how  much  this  factor  has  to  do  with  the  rise  in 
venous  pressure  on  stowing  of  the  heart. 

S.  "Retpiratory  pump."  According  to  Hill  and  Barnard  (37)  none 
of  the  above  explanations  is  adequate  in  accounting  for  the  rise  of 
venous  pressure  obtained  as  a  result  of  various  experimental  proced- 
ures. They  attribute  the  rise  which  occiuv  on  arrest  of  the  heart 
under  peripheral  vagal  stimulation  to  the  respiratory  spasms  produced, 
and  on  asphyxia  to  strong  abdominal  and  general  muscular  move- 
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meats,  for.in.curarized  animals  these  rises -do  not  occur,  at  least  in  the 
case  of  asphyxia.  Their  curarization  was  sufficient  to  abolish  natural 
respiration,  but  did  not  interfere  with  the  heart  or  tone  of  the  artenal 
system.  As  regards  vagal  stimulation,  they  say  (p.  348),  "we  our- 
selves unfortunately  have  not  been  able  to  maintain  arrest  of  the 
heart  in  the  curariied  animal  for  long  enough  time  to  settle  this  point." 
Yet  in  ^ure  12,  page  342  of  this  article,  they  show  a  rise  in  venous 
pressure  in  the  same  animal  on  stimulation  of  the  vagus  before  and 
after  the  administration  of  chloroform.  "In  the  first  instance  the 
escape  of  the  heart  is  complete,  the  respirations  are  greatly  intensified 
and  by  the  powerful  expiratory  spasms  of  the  abdominal  muscles  the 
venous  pressure  is  greatly  raised.  In  the  second  case  the  inhibition  is 
complete  while  the  respirations,  weakened  by  the  chlorofonn,  remain 
unaltered  during  the  standstill  of  the  heart."  On  examination  of  the 
second  curve  one  sees  the  venous  pressure  beginning  to  rise  as  soon  as 
the  beat  of  the  heart  ia  stopped,  but  while  it  is  rising  the  animal  was 
chsjtged  to  the  feet-up  position.  The  venous  pressure  continues  to 
rise  until  the  heart  once  more  begins  to  beat.  This  rise  of  venous 
pressure  evidently  cannot  be  ascribed  to  the  activity  of  the  respiratory 
muscles  since  no  clumge  in  respiration  occurs  during  the  standstill  of 
the  heart,  nor,  probably,  to  the  feet-up  position  which  was  assumed 
during  the  rise  of  venous  pressure. 

lliese  authors  object  to  any  explanation  of  these  phenomena  which 
assumes  that  a  rise  in  venous  pressure  can  be  brought  about  by  sending 
more  blood  into  the  venous  system,  as  occurs  on  arrest  of  the  heart, 
or  by  decreasing  the  capacity  of  the  vascular  system  by  arterial  vaso- 
constriction. They  believe. that  the  vascular  system  is  not  filled  to 
distention  and  that  since  the  veins  can  hold  all  the  blood  of  the  body 
without  distention,  no  increase  in  amount  of  blood  in  the  veins  or  de- 
crease in  artenal  oahber  can  cause  a  rise  in  venous  pressure.  To  prove 
that  the  veins  can  hold  all  the  blood  of  the  body  at  zero  pressure  they 
cite  the  condition  that  exists  in  the  animal  after  death.  Then,  since  it 
might  be  thought  that  after  death  the  tone  of  the  vascular  system  had 
passed  off,  they  attempt  to  prove  their  point  in  a  living  animal.  After 
stopping  the  heart  by  vagus  stimulation,  they  alternately  placed  the 
dog  in  the  vertical  feet-down  and  horizontal  positions  until  all  the 
blood  had  passed  from  the  arteries  into  the  veins,  and  past  the  venous 
valves  so  that  no  reversal  of  flow  could  take  place.  They  say  (p.  346), 
"In  this  experiment  we  produced  a  positive  pressure  in  the  veins  and 
no  pressure  in  the  arteries Since  the  arteries  are  emptied 
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of  blood  the  whole  system  is  not  filled  to  distention "    Jtvt 

because  the  arteries  are  much  more  elastic  than  the  veins  and  can, 
when  the  heart  stops  beating,  empty  tbemselves  of  blood  and  produoe 
a  greater  positive  pressure  than  before  in  the  veins,  it  does  not  there- 
fore follow,  it  seems  to  me,  that  the  vascular  system,  while  the  heart 
was  beating,  was  not  filled  to  distention. 

Furthermore,  in  refutation  of  Bayliss  and  StarUng's  belief  that  anemia 
of  the  brain  in  vs^  arrest  causes  vasoconstriction,  they  say  (p.  348), 
"In  our  experiments  when  the  heart  has  escaped  from  arrest,  there 
has  not  occurred  any  great  rise  of  arterial  pressure  which  we  should 
expect  to  indicate  vasoconstriction."  Why  should  one  expect  any 
great  rise  of  arterial  pressure  after  the  heart  has  begun  to  beat  again? 
With  the  resumption  of  the  heart  beat  and  consequent  rise  of  arterial 
pressure  toward  normal,  the  cause  of  the  vasoconstriction,  anonia  of 
the  brain,  is  removed. 

"Any  appreciable  increase  of  vena  cava  pressure  is  due  either  to  the 
reduction  of  the  capacity  of  the  venous  system  by  the  action  ol  the 
respiratory  muscles,  or  to  the  failure  of  the  heart  in  maintaining  the 
systoUc  output"  (p.  350).  By  this,  I  presume,  is  meant  the  inalulity 
of  a  slowly  beating  heart  to  expel  per  minute  as  much  blood  as  it 
receives  per  minute,  thus  causing  a  back  pressure  in  the  veins.  I  fail 
to  see  how  this  could  cause  a  rise  in  venous  pressure  if  their  contention 
is  correct,  that  the  venous  system  is  capable  of  holding  all  the  Uood 
of  the  body  without  distention,  especially  since  it  occurs  almost  imme- 
diately on  slowing  of  the  heart,  before  the  arteries  could  have  emptied 
the  greater  part  of  their  blood  into  the  veins.  Of  course,  it  may  be 
contended  that  the  cava  is  only  a  part  of  the  venous  system  and  it 
might  become  distended  when  a  large  amount  of  blood  collected  in  it, 
but  this  hardly  seems  a  valid  contention  in  the  case  of  the  immediate 
rise  in  venous  pressure  on  arrest  of  the  heart. 

4.  Ckemiad  mechanism.  Roy  and  Brown  (64)  in  experimenting 
with  the  fret's  web,  tongue  and  mesentery,  found  that  temporary 
anemia  was  followed  by  dilatation  of  arteries,  capillaries  and  veins. 
This  dilatation  they  attribute  to  a  "relative  diminution  in  the  lymph 
of  certain  of  the  constituents  of  the  blood,  or  the  presence  in  increased 
amount  of  certain  of  the  products  of  tissue  exchange,  or  both  of  these 
combined"  (p.  359).  This  effect,  they  say,  is  independent  of  cerebro- 
spinal vasomotor  effects;  it  may  po^bly  be  due  to  action  on  peripheral 
vasomotor  ganglia,  but  they  think  it  is  more  probably  due  to  direct 
action  on  vessel  walls.    These  causes  operate  in  other  congestions  and 
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the  authors  feel  that  this  automatic  regulation  of  the  peripheral  circula- 
tion is  of  very  great  importance. 

Henderson  and  Harvey  (33),  and  Henderson  (32)  develop  the  idea  of 
a  peripheral  chemical  control  of  venous  pressure ' '  largely  through  varia- 
tiona  in  the  COi  content  of  the  venous  blood."  COt,  by  relaxing  the 
veins,  they  believe,  removes  the  resistance  to  the  flow  of  blood  from 
capillaries  to  veins,  and  so  causes  an  increase  in  venous  pressiuv.  They 
speak  of  such  a  relaxation  as  though  it  were  merely  the  complete  or 
partial  removal  of  a  clip,  allowing  more  blood  to  flow  into  a  vessel 
whose  caliber  remains  the  same.  But  if  relaxation  means  more  than 
this;  if  it  means  an  actual  increase  in  the  capacity  of  a  portion  of  a 
blood  vessel,  due  to  the  lessening  of  vascular  tone,  it  is  difficult  to  see 
how  this  relaxation  can  cause  a  rise  in  the  pressure  in  the  vessel  even 
though  there  is  an  increased  amount  of  blood  present. 

S.  Nervous  mechanism.  In  a  studyof  the  regulation  of  the  blood  sup- 
ply of  the  brain  in  1890,  Roy  and  Sherrington  (65)  found  that  stimu- 
lation of  the  peripheral  stump  of  the  vago-eympathetic  nerxes  in  dogs 
produced  sometimes  a  rise,  sometimesa  fall  of  general  venous  pressure. 
They  think  that  this  probably  means  that  the  vago-sympathrtic  trunk 
contains  vasomotor  fibers  to  the  veins.  As  discussed  in  the  section  on 
heart  rate,  later  observers  have  attributed  this  rise  which  peripheral 
v^us  stimulation  gives,  to  the  slowing  of  the  heart  which  is  occasioned 
by  such  stimulation.  Slowing  of  the  heart  due  to  paralysis  from 
asphyxia  with  both  vagi  cut  has  been  shown  by  Plumier  to  give  a  rise 
in  venous  pressure  comparable  to  the  rise  caused  by  peripheral  vagus 
stimulation.  This  perhaps  does  not  prove  that  the  vago-sympathetic 
nerves  possess  no  venomotor  fibers,  but  there  seems  to  be  perfectly 
adequate  explanation  for  the  venous  pressure  change  without  assuming 
the  existence  of  such  venomotor  fibers.  That  Boy  and  Sherrington 
sometimes  found  that  stimulation  of  the  peripheral  stump  of  the  vago- 
sympathetic nerves  produced  a  fall  in  general  venous  pressure,  may 
possibly  have  been  due  to  an  escape  of  current  to  the  central  end  of  the 
nerve  through  the  fluid  medium  surounding  the  tissues.  One  cannot 
tell  what  happened  to  the  heart  rate  in  these  cases  of  a  fall  in  venous 
pressure  for  no  graphs  are  given  or  statement  made  in  regard  to  it. 

Thompson  (72)  in  1893  observed  constriction  of  the  superficial  veins 
of  the  hind  limb  of  dogs  and  rabbits  on  stimulation  of  the  sciatic  nerve 
or  the  spinal  cord.  The  constriction  took  place  in  short  sections,  the 
diwneter  of  the  vein  between  the  segments  remaining  UDchanged. 
Bancroft  (3)  confirmed  the^e  observations  and  extended  the  work. 
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He  observed  the  appearance  of  the  veins  of  the  hind  limb  of  a  cat 
(rabbits  also  were  used  but  were  not  found  nearly  as  satisfactory) 
before  and  after  section  of  various  nerves,  and  thus  traced  out  the 
vasomotor  supply.  The  cell  body  of  the  pre^anghonic  fiber  hes  in  the 
spinal  gray  matter,  the  axis^cylinder  emerging  in  the  anterior  root  of 
the  1st,  2nd,  3rd  or  4th  lumbar  nerve,  following  the  oorrespondiog 
white  ramus  into  the  sympathetic  chain,  running  down  it  for  a  certain 
distance.  The  cell  body  of  the  post-gangUonic  fiber  lies  in  the  6th  or 
7th  lumbar  sympathetic  ganglion,  the  axis-cylinder  running  to  the 
veins  in  the  sciatic  nerve.  liangley's  nicotine  method  was  used  to 
determine  the  position  of  these  ganglia. 

The  experiments  of  Gunn  and  Chavasse  (30)  and  Crawford  and 
Twombly  (18)  on  the  effect  of  epinepbrin  on  isolated  veins  lend  sup- 
port to  the  belief  that  a  venopreesor  nervous  mechanism  exists  in  the 
veins.  The  details  of  these  experiments  will  be  given  later  in  this 
paper  under  the  head  of  adrenalin. 

Hooker  (41),  (42)  has  demonstrated  veno-pressor  fibers  in  a  nerve 
trunk  running  from  the  inferior  mesenteric  ganglion  to  the  veins  of  the 
large  intestine.  A  rise  in  venous  pressure  in  an  isolated  loop  of  intes- 
tine WEB  induced  by  stimulation  of:  a,  the  nerve  to  the  part  (peripheral 
mechanism) ;  b,  a  sensory  nerve  such  as  the  saphenous  (central  reflex 
mechanism) ;  c,  the  central  mechanism  by  asphyxia.  Section  of  the 
peripheral  nerve  or  destruction  of  the  medulla  destroyed  the  reBsx. 
A  probable  failure  of  this  mechanism  in  shock  is  predicated  by  Morison 
and  Hooker  (55). 

A  contraction  of  the  veins  seems  to  be  the  cause  of  the  increased 
capillary  pressure  found  in  the  blue-handed  type  of  irritable  heart 
cases  as  described  by  Briscoe  (9).  This  is  especially  illustrated  in 
those  patients  whose  hands  were  sometimes  normal  and  stHuetimes 
blue.  The  average  readings  of  this  class,  when  the  hands  were  nor^ 
mal,  were:  venous  pressure,  10.6  cm.  HjO;  capillary  pressure  25.3  cm. 
HtO;  and  when  blue  were:  venous  pressure,  10.6  cm.  HiO;  cafMlIary 
pressure,  33.3  cm.  HtO.  Whether  this  contraction  of  the  veins  falls 
under  the  chemical  mechanism  theory  or  the  nervous  mechanism 
theory,  the  author  does  not  state.  One  presumes,  from  the  article, 
that  it  is  the  latter. 

It  is  not  intended  in  this  paper  to  review  in  detail  the  literature  on 
portal  venous  pressure,  as  it  forms  a  rather  specialized  type  of  venous 
pressure.  A  comprehensive  review  of  the  literature  which  has  estab- 
lished the  presence  of  a  vasomotor  mechanism  in  the  radicles  of  the 
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portal  vein,  is  to  be  found  in  Burton-Opitz's  (13)  and  Edmunde'  (22) 
papers. 

Effeti  on  venous  preaaure  of:  I.  Adrenalin,  a.  Effect  on  iadated 
veina.  Dunn  and  Chavasse  (30)  have  tested  the  effect  of  adrenalin 
(1  to  100,000)  on  isolated  ring  preparations  from  various  veins  in  the 
sheep  (external  jugular,  meseDteric,  superior  and  mferior  cava)  and 
find  a  constriction  similar  to  that  which  occurs  in  the  arteries.  The 
external  jugular  gave  a  greater  response  than  the  superior  and  inferior 
cavae.  The  amount  of  response  of  the  mesenteric  vein  could  not  be 
compared  with  that  of  the  other  veins,  for  the  temperature  in  the 
case  of  the  mesenteric  was  41°C.,  while  in  the  other  e}[periments  it  was 
WC  From  this  they  judge  that  the  veins  probably  contain  veno- 
coDstrictor  nerve  fibers  from  the  thoracico>lumbar  ^'mpathetic  nervous 
system.  Crawford  and  Twombly  (18)  corroborate  these  observations, 
finding  constriction  of  ring  preparations  from  femoral,  iliac  and  saphe- 
nous veins  of  the  dog.  Their  work  on  roosters  is  interesting  in  that 
they  find  some  veins  that  contract  in  adrenalin  solutions,  and  others 
that  do  not.  Rings  of  the  jugular  vein  of  white  Leghorn  roosters, 
taken  from  the  middle  of  the  neck,  contract  slowly  with  1  to  60,000 
adrenalin  in  oxygenated  Binger's  solution,  but  rings  from  the  jugular 
vein  near  the  head  and  from  the  large  vein  of  the  wattles  gave  no 
response.  Iliis  ai^es,  they  feel,  against  a  vasomotor  supply  to  the 
cephalic  end  of  the  jugular  vein  and  the  veins  of  the  wattles,  and  they 
suggest  that  perhaps  the  absence  of  vasoconstrictor  fibers  in  wattles 
may  be  one  of  the  reasons  why  they  blue  so  easily. 

b.  Effeti  of  irUraeenoua  injections.  Hill  (36)  found  that  intravenous 
injection  of  suprarenal  extract  into  a  dog  whose  v^i  had  been  divided 
caused  a  rise  in  arterial  pressure  of  1170  mm.  MgSOi  solution,  while 
the  vena  cava  pressure  remained  unaltered.  Plunder  (61)  attributed 
the  rise  in  superior  and  inferior  vena  cava  pressure,  which  he  obtained 
on  intravenous  injection  of  adrenalin  in  the  intact  animal  (dog),  to  the 
slowing  of  the  heart  which  such  an  injection  occasions.  Ho  feels  that 
one  does  not  get  as  great  a  rise  with  say  a  0.4  mgm.  injection  as  the 
slowing  of  the  heart  would  seem  to  indicate,  but  this  may  be  explained 
by  the  fact  that  the  increased  force  of  the  heart  beat  tends  to  reduce 
the  venous  pressure.  However,  after  cutting  the  vagi,  imless  a  very 
large  dose  is  administered,  there  is  no  chaise  or  only  a  slight  rise  in 
venous  pressure.  In  both  cases  there  was  important  vasoconstriction 
resulting  in  a  considerable  rise  in  arterial  pressure,  but  this  decreasing 
of  the  capacity  of  the  vascular  system,  he  points  out,  is  not  sufficient, 
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io  itself,  to  change  the  venous  pressure.  Capps  and  Matthews  (16) 
find  that  a  smalt  dose  (they  do  not  state  the  amount)  of  adrenalin  doea 
not  affect  the  venous  pressure,  but  a  large  dose,  such  as  I  mgm.  (2 
minims)  of  I  to  1000,  causes  a  rise  of  from  10  to  80  mm.,  and  that  coin- 
cident  with  this  rise,  the  heart  is  markedly  slowed.  "The  Hse  in 
venous  pressure  was  coincident  with  this  halting,  irregular  action  of  the 
heart,  and  it  remained  high  until  the  normal  rhythm  returned.  We 
found  likewise  that,  in  a  slow  or  inhibited  heart^ction  from  exciting 
the  vagus  nerve  with  faradic  current,  the  venous  pressure  rose.  Hence 
it  seems  probable,  as  Plumier  (61)  states,  that  the  rise  in  venous  pressure 
after  large  doses  of  epinephrin  is  explained  by  the  halting  heart-action 
rather  than  by  any  venomotor  stimulation"  (p.  390).  Bainbridge  and 
Trevan  (2)  exclude  refiex  vagus  inhibition  in  their  experiments  by  a 
small  dose  of  atropin  early  in  each  experiment.  Under  these  condi- 
tions they  find  little  or  no  change  in  vena  cava  pressure  after  adrenalin 
injection  into  a  portal  tributary  or  systemic  vein  (hepatic  artery  tied 
or  intact),  but  a  rise  in  portal  pressure  due,  they  think,  either  to  a 
swelling  of  the  columns  of  the  liver  cells  narrowing  the  capillary  chan- 
nels, or  constriction  of  the  radicles  of  the  portal  vein.  Two  cubic 
centimeters  of  a  1  to  10,000  solution  of  adrenalin  cause  a  rise  in  portal 
pressure  equid  to  255  mm.  of  sodium  citrate  solution.  Kuno  (50) 
explains  the  slight  rise  in  venous  pressure  which  he  obtained  on  injec- 
tion of  adrenalin,  with  the  heart  beating  faster,  by  saying,  "the  con- 
traction of  the  blood  vessels  evoked  by  adrenaline  is  most  distinct  in  the 
arterial  system  so  that  a  large  amount  of  blood  might  escape  into  the 
veins.  The  pressure  in  the  veins  does  not  therefore  fall,  on  the  con- 
trary it  rises  more  or  less  during  action  of  the  adrenaline  although  the 
heart  works  extremely  enei^etically"  (p.  232). 

As  far  as  I  know,  no  measurements  have  been  made  of  the  effect  of 
adrenalin  on  venous  pressure  in  man.  A  word  of  caution  should, 
therefore,  be  given  about  transferring  data  concerning  adrenalin  from 
animals  to  man.  As  has  been  noted  above,  the  rise  of  venous  pressure 
in  dogs  has  been  attributed  to  the  concomitant  slowing  of  the  heart. 
In  man,  however,  adrenalin  does  not  slow,  but  quickens  the  heart 
rate. 

Clinical  findings  reported  by  Donaldson  (21)  and  Miller  (54)  indicate 
that  in  practically  every  person  (normal  or  pathological)  adrenalin 
injection  causes  no  change  or  causes  an  increase  in  pulse  rate.  Only 
one  case  of  a  fall  in  pulse  rate  was  reported  (Donaldson)  and  this  was 
in  a  patient  much  collapsed  from  hemorrhage.    With  the  subcutaneous 
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iDJecioD  of  0.5  cc.  of  1  to  1000  adrenalin,  used  in  the  "Goetsch"  test 
(29),  (57),  there  is  no  reaction  on  the  part  of  normal  patients  and  an 
increase  of  ten  to  fifty  beats  per  minute  in  patients  hypersensitive  to 
adrenalin.  This  result  is  further  corroborated  by  the  work  of  Weam 
and  Sturgia  (74)  and  of  Tompkins,  Sturgis  and  Wearn  (73).  There- 
fore it  would  be  incorrect  to  assume  that  the  results  obtained  by  Capps 
and  Matthews  (16)  on  dogs,  in  their  studies  on  "venous  blood-pres- 
aure  as  influenced  by  the  drugs  employed  in  cardiovascular  therapy," 
necessarily  apply  to  man.  Similarly,  Meek  and  Eyster's  conclusion 
(53)  (based  on  experiments  on  unanesthetized  dogs  with  good  vagal 
tone),  that  adrenalin  cannot  be  the  immediate  cause  of  cardiac  accel- 
eration which  foUows  moderate  exercise,  because  the  heart  slows  after 
adrenalin,  cannot  be  held  good  for  man  In  whom  the  heart  increases 
its  per-minute  rate  after  adrenalin.  Still  another  example  of  the 
different  way  in  which  adrenalin  affects  the  same  structure  in  different 
animals  is  given  by  Barbour  (5),  who  found  that  adrenalin  caused  con- 
striction of  human  coronary  arteries,  but  relaxation  of  the  coronary 
arteries  of  the  calf,  sheep  and  pig. 

5.  Various  other  injtuences.  Since  the  experimental  work  in  this  paper 
deals  only  with  the  effect  of  adrenalin  on  venous  blood  pressure,  it  does 
not  seem  appropriate  to  review,  in  detail,  the  effect  of  various  other 
in  uences  on  venous  pressure.  The  following  references  may,  how- 
ever, serve  to  make  this  general  review  of  the  subject  more  complete. 
The  relation  of  venous  pressure  to: 

o.  Gravity.    Hill  (35) ;  Hill  and  Barnard  (37) ;  Barach  and  Marks  (4) 

6.  Respiration.  Jacobson  (46) ;  Wertheimer  (75) ;  Hiil  and  Barnard 
(37) ;  Burton-Opitz  (12);  Plumier  (61). 

c.  Exercise.  Burton-Opitz  (11);  Hooker  (38);  Elpers  (23);  Jones 
(47);  Henderson  and  Harvey  (33).  Krc^h's  (49)  recent  work  on  the 
effect  of  exercise  in  opening  up  new  capillary  beds,  is  of  interest  in 
this  connection. 

d.  High  aUitudes.  Schneider  and  co-workers  (66),  (67),  (68),  (69); 
Kellaway's  (48)  work  on  the  relation  of  anoxemia  to  the  output  of 
adrenalin  may  throw  some  light  on  the  question  of  the  effect  of  high 
altitudes  on  venous  pressure. 

e.  Increased  atmospheric  pressure.    Hill  (36). 

/.  Drugs,  other  than  adrenalin.    Hill  and  Barnard  (37) ;  Flumier  (61) ; 
Burton-Opitz  (14);  Capps  and  Matthews  (16). 
g.  Injection  of  physiological  solution.    Bainbridge  (1);  Kuno  (50). 
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Venou*  pressure  work  on  man.  A  review  of  vanous  methods  for  meaft- 
uring  venouB  pressure  in  man  is  found  in  an  article  by  Booker  and 
Eyster  (43),  in  the  Johns  Hopkins  Hospital  Bulletin  for  1908.  The 
foUowing  is  a  list  of  articles  dealing  with  these  methods: — Oliver,  1898, 
(58);  Frey,  1899,  (26);  1902,  (27);  Gaertner,  1903,  (28);  von  Basch, 
1904,  (6);  SewaU,  1905,  (70);  von  Recklinghausen,  1906,  (62);  Oliver, 
1907,  (59);  Moritz  and  von  Tabora,  1910,  (56);  Frank  and  Reh,  1912, 
(25) ;  A.  A.  HoweU,  1912,  (45) ;  Lombard,  1912  (51) ;  Hooker  and  Reese, 
1914,  (44);Hooker,  1914,  (39);Brown,  1918,  (10) ;  Wiggere,  1918,  (76). 
For  comparison  with  the  normal  venous  pressure  values  in  man,  given 
in  the  above  articles,  it  may  be  of  interest  to  note  the  venous  pressure 
values  obtained  by  Jacobson,  1867,  (46),  in  sheep,  and  by  Burton-Opits, 
1903,  (12),  in  dogs. 

Patholc^cal  values  are  given  in  the  articles  by  Calvert  (15) ;  Hooker 
and  Eyster  (43);  A.  A.  Howell  (45)  and  Clark  (17).  Diurnal  varia- 
tions are  given  by  Oliver  (60);  Hooker  (39)  and  Clark  (17);  the  effect 
of  age  and  sex  on  venous  pressure  by  Elpers  (23)  and  Hooker  (39), 
(40),  and  the  effect  of  temperature  by  Elpere  (23);  Hewlett  (34)  and 
Hooker  (39). 

AN  BXPEBIKBNTAL  STDDT  OF  THE  EFFECT  OF  ADRENALIN  ON  TBNOOS 
BLOOD  PSESSUBE 

Introdudion.  It  is  evident  from  the  foregoing  discussion  that  ia 
Studying  the  effect  of  any  drug  on  venous  blood  pressure,  one  must 
take  into  consideration  the  effect  of  this  drug  on  the  various  mechanisms, 
changes  in  which  are  known  to  cause  changes  in  venous  pressure.  So 
dose  is  the  relationship  between  the  various  parts  of  the  circulatory, 
vasomotor  and  respiratory  systems,  that  any  change  in  one  part  usually 
causes  changes  in  several  other  parts.  Hence,  a  change  in  venous  {»«»- 
sore  must  very  often  be  ascribed  to  the  operation  oi  several  factors, 
sometimes  supplementing,  sometimes  antagonizing  one  another.  Soooe- 
times  one  factor  is  so  predominant  than  any  other  is  lost  sight  of. 
This  seems  to  have  been  the  case  in  the  previous  study  of  the  effect 
of  adrenalin  on  venous  pressure.  A  greatly  slowed  heart  causes  a  liae 
in  venous  pressure.  Adrenidin,  injected  into  the  blood  stream  of  dogs 
with  good  vagal  tone,  causes  slowing  of  the  heart  and  a  rise  in  venous 
in-essure.  Naturally,  the  conclusion  was  that  the  rise  in  venous  pres- 
sure was  due  to  the  slowing  of  the  heart  rate,  especially  nnce  litUe 
diange  in  pressure  occurred  on  administration  of  adrenalin  to  tboe 
dogB  after  vagotomy. 
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It  has  been  demonstrated  for  sheep  by  Gunn  and  Chavasse  (30), 
and  for  dogs  and  roosters  by  Crawford  and  Tw<nnbly  (18),  tiiat  adre- 
nalin  chloride  causes  contraction  of  isolated  vein  rings.  The  work  (rf 
Bainbridge  and  Trevan  (2)  indicates  that  the  radicles  of  the  portal 
vein  in  the  intact  animal  contract  under  the  influence  of  adrenalin. 
Nerves  to  the  veins  of  the  limb  have  been  demonstrated  by  Th<nnpBon 
(72)  and  Bancroft  (3),  and  to  the  portal  vein  by  Mall  (52)  and  others. 
The  experiments  of  Hooker  (41),  (42),  demonsti^te  the  existence,  in 
the  intestinal  veins  at  least,  of  a  nervous  constrictor  mechanism,  which 
can  be  stimulated  directly  or  indirectly.  In  view  of  this  evidence,  one 
naturaUy  wonders  whether  or  not  such  a  nervous  mechanism  is  func- 
tioning when  adrenalin  chloride  is  introduced  into  the  circulation,  and 
if  the  general  venous  pressure  rise  occasioned  thereby  is  not,  in  part 
at  least,  due  to  a  constriction  of  the  veins.  No  evidence,  as  far  as  I 
know,  has  been  found  that  points  to  such  a  mechanism  coming  into 
play  after  adrenalin,  except  in  the  case  of  the  portal  vein. 

It  is  with  these  things  in  mind  that  the  present  investigation  has 
been  undertaken,  to  ascertain  what  factor  or  factors  are  responohle 
for  the  general  rise  of  venous  blood  pressure  which  follows  the  inb«- 
venous  injection  of  a  solution  of  adrenalin  chloride. 

Experimental  procedures.  In  the  course  of  these  experiments  about 
fifty  dogs  and  twenty-five  cats  were  employed,  weighing,  on  the  aver- 
age, 8  kgm.  and  2.3  l^m.,  respectively.  The  experiments  on  dogv 
were  carried  out  under  ether  anesthesia.  The  cats  were  decerebrated 
acoordii^  to  the  method  described  by  Shorington  in  his  recent  labora- 
tory manual  (71),  an  anesthetic,  ether,  being  used  only  during  the 
procedures  prior  to  the  decerebration.  The  deoerebrate  cat  prepara- 
tions were  always  kept  on  an  electric  pad  throi^out  the  experiment. 

Arterial  pressure  was  recorded  by  a  mercury  or  a  HOrthle  manom- 
eter, sometimes  by  both.  Venous  pressure  was  recorded  as  follows: 
brass  eannulae  (7  cm.  long  by  1  to  1.5  mm.  bore,  for  cata,  and  16 
cm.  by  2  to  2.5  mm.,  for  d(^),  connected  with  manometers  containing 
2  per  cent  sodium  citrate,  were  inserted  in  the  external  jugular  aad 
femoral  veins  and  pushed  in  past  the  valves  so  that  the  pressures  re- 
corded were  those  in  the  superior  and  inferior  cavae.  Whenever  there 
was  any  doubt  that  the  eannulae  were  not  properly  inserted,  a  dissec- 
tion was  made  at  the  end  of  the  experiment.  The  entrance  of  the 
superior  cava  into  the  heart  was  taken  as  the  s»o  level  for  pressure. 
To  make  sure,  from  time  to  time,  that  no  olots  had  formed,  the  pw» 
sure  was  raised  in  the  manometer,  by  means  of  a  pressure  bottte,  to 
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several  centimeters  above  the  pressure  existing  in  the  vein  and  the 
citrate  solution  then  allowed  to  run  into  the  vein.  This  it  did  promptly, 
it  there  was  no  obstruction.  It  was  always  noted  on  the  tracing  when 
such  a  procedure  occiured.  Controls  were  made  which  showed  that 
injections  of  such  amounts  of  2  per  cent  sodium  citrate  (i  to  1  cc.) 
had  no  visible  effect  on  the  circulatory  system,  and  the  amount  of 
fluid  injected  was  insufficient  to  cause  any  change  in  venous  pressure. 
Simultaneous  tracings  of  arterial  pressure,  respiration  and  time 
relations  were  made  on  a  smoked  paper  kymograph.  Since  the  experi- 
menter worked  alone,  it  was  necessary  to  resort  to  some  method  of 
recording,  so  that, venous  pressure  readings  could  be  made  and  injec- 
tions carried  out  and  recorded  by  one  person,  and  the  exact  corre- 
spondence between  the  various  pressures  be  noted  on  the  tracing. 
One  lever  recorded  respiratio^i,  another  the  arterial  blood  pressure, 
and  a  signal  mi^net,  which  marked  the  base  line  for  the  arterial  pres- 
sure (mercury  manometer),  recorded  the  duration  of  the  injection  and 
was  also  connected  with  a  Harvard  clock  recording  half-minutes.  In 
this  circuit  there  was  an  electric  buzzer  which  signaled  every  time  the 
.marker  was  recording  a  half-minute,  and  at  the  sound  the  level  of  the 
venous  pressure  manometers  was  noted,  the  pressures  later  being 
marked  at  the  proper  place  on  the  tracing.  On  the  same  line  with 
(his  marker,  and  writing  only  a  millimeter  or  two  behind  it,  a  Jacquet 
chronograph  recorded  seconds. 

.  Parke,  Davis  &  Company's  adrenaUn  chloride  1  to  1000  solution  was 
used  throughout.  Before  injection,  it  was  diluted  with  0.7  per  cent 
sqdium  chloride  to  the  desired  strength,  usually  1  to  10,000. 

Special  experimental  procedures,  not  followed  in  all  experiments, 
are  described  in  connection  with  the  experimental  data  obtained  from 
those  procedures. 

Of  course,  if  small  rises  of  venous  pressure  are  to  be  conudered  sig- 
nificant, one  must  make  sure  that  they  are  not  caused  by  the  introduc- 
tion of  &uid,  used  in  the  injection.  For  this  reason,  very  small  amounts 
■  ot  adrenalin  solution  werp  slowly  injected  (in  most  cases  0.5  to  3.0  cc. 
in  5  seconds  or  more),  and  control  experiments  were  several  times 
made  to  ascertain  how  large  an  amount  of  0.7  per  cent  NaCl  had  to  be 
introduced  to  cause  any  change  in  venous  pressure.  One-half  to  3.0 
ce.  "were  without  effect,  5.0  cc.  caused  a  rise  of  3  or  4  mm.,  while  20.0 
oCt — a  larger  amount  than  was  ever  employed  in  adrenalin  chloride  in- 
jections— caused  a  rise  of  only  10  or  15  mm.  Na  citrate  solution. 
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Experimental  work  on:  1.  Changes  in  peripheral  Tesietariee  oTid  ca- 
pacity of  the  vascular  system.  Under  all  conditions  studied,  adrenalin 
always  caused  a  rise  in  arterial  pressure  due  to  arterial  constriction. 
The  rise  was  higher  for  the  same  dose  when  the  heart  rate  was  in- 
creased than  when  it  was  decreased,but  there  was  always  arise.  Such 
a  cotutriction,  other  things  being  equal,  would  tend  to  cause  a  fall  in 
venous  pressure  due  to  the  obstruction  to  the  flow  from  arteries  to 
veins  but,  on  the  other  hand,  the  decreased  capacity  of  the  system 
brought  about  by  arterial  constriction  would  tend  to  raise  the  pres- 
sure in  all  parts  of  the  circulatory  system.  In  some  cases  of  arterial 
constriction,  as  shown  by  Bayliss  and  Starling  (7)  and  discussed  in  the 
historical  review  in  this  paper,  the  two  factors  may  balance  and  give 
no  change  in  venous  pressure.  There  is  one  factor  here  which  seems 
to  have  received  little  notice  in  this  connection,  and  that  is  the  rate  at 
which  plasma  may  leave  the  blood  stream  under  varying  arterial  pres- 
sures. How  far  this  may  operate  toward  compensating  the  "decreased 
capacity  of  the  system"  factor,  is  not  known.  At  all  events,  in  the 
case  of  adrenalin,  when  all  other  causes  for  change  in  venous  pressure 
are  ruled  out,  as  far  as  possible,  these  factors  of  peripheral  resistance 
and  capacity  of  the  system  seem  to  balance,  for  no  change  in  venous 
pressure  occurs.  Chart  1  (I  and  II)  illustrates  this  point.  About  a 
quarter  of  an  hour  after  the  decerebrated  cat  (chart  1,  I)  was  curar- 
ized,  according  to  the  procedure  described  under  "respiration,"  0.1.5 
mgm.  (3  cc.)  of  adrenalin  chloride  was  injected  into  the  right  femoral 
vein  causing  no  change  in  vena  cava  pressure,  although  the  arterial 
pressure  was  raised  from  34  to  167  mm,  Hg. 

Chart  1  (III  and  IV)  shows  an  experiment  in  which  the  venous  pres- 
sure fell  after  adrenalin,  a  very  unusual  occurre6ce.  It  is  probable 
that,  in  this  case,  the  increased  peripheral  resistance  so  obstructed 
the  flow  from  arteries  to  veins  that  there  occurred  a  fall  in  venous 
pressure.  The  decrease  in  heart  rate  would  tend  to  cause  a  rise  in 
venous  pressure,  but  this  was  apparently  overbalanced  by  the  factor 
or  factors  tending  to  cause  a  fall.  In  any  case,. it  seems  evident  that 
the  usual  rise  in  venous  pressure  caused  by  adrenalin  is  not  brought 
about,  directly,  by  changes  taking  place  in  the  arteries,  though,  as  will 
be  explained  later,  a  rise  in  arterial  pressure  may  assist  in  causing  a 
rise  of  venous  pressure  when  it  occurs  in  conjunction  with  a  slowing  of 
the  heart. 

S.  Chemical  regulation.  It  is  conceivable  that  adrenalin  may  act  as 
a  chemical  stimulant  to  venous  musculature,  independent  of  any  effect 
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through  a  nervous  mechanism.  As  far  as  I  know,  no  work  has  been 
done  on  this  subject.  However,  adrenalin  produces  an  effect  upon 
venous  rings  similar  to  that  upon  arterial  rings,  and  it  seems  i«a8on- 
able  to  assume,  until  disfHY)ved,  that  in  the  veins,  as  has  been  shown 
for  the  arteries,  adrenalin  acts  by  stimulating  the  myoneural  junctions 
of  the  sympathetic  nerve  fibers  in  the  vascular  musculature. 

S.  Respiratory  and  muscular  factors.  The  contraction  of  muscles 
against  the  veins,  as  in  exercise,  and  changes  in  respiration,  are  known 
to  be  very  efficient  in  causing  changes  in  venous  pressure.  Take  for 
example  chart  2  (II),  showing  the  result  of  stimulation  of  the  saphenous 
nerve  before  and  after  administration  of  curare.  The  dog  was  not 
completely  curarized,  as  can  be  seen  from  the  fact  that  a  slight  change 
in  rate  and  amplitude  of  respiration  was  elicited  by  strong  sensory 
stimulation.  The  interesting  thing  is  that  the  venous  pressure  response 
seems  to  bear  a  definite  relation  to  the  amount  of  respiratory  response. 
When  adrenalin  chloride  is  injected  in  small  amounts  (usually  0.1  to 
0.3  mgm.)  there  may  be  no  respiratory  response,  or  a  decrease  in  height 
and  frequency  of  respiration  occurs.  This  change  evidently  has  little 
or  nothing  to  do  with  the  rise  in  venous  pressure,  since  that  rise  takes 
place  when  no  respiratory  variations  occur,  and  a  decrease  in  rate 
causes  a  fall,  not  a  rise  in  venous  pressure.  However,  to  fully  rule  out 
any  change  in  venous  pressure  due  to  muscular  contraction  or  respira- 
tory change,  curare  was  administered  in  a  number  of  experiments, 
and  as  soon  as  breathing  ceased  artificial  respiration  was  given.  The 
air  was  heated  to  30°C.  before  reaching  the  animal.  To  be  sure  that 
other  muscles  besides  the  respiratory  muscles  were  paralysed,  the 

.......  pulse  nte  per  minute. 

arterial  presaure  in  nun.  Hg. 

Buperior  cava  pressure  in  nun.  2  per  cent  sodium  oitnkte. 

++++  inferior  eara  pressure  in  nun.  2  per  cent  sodium  citrate. 

^^^^~  respiratory  rate  per  minute. 

Wavy  line,  respiratory  amplitude  (relative  only). 

Large  dots  indicate  actual  determinations. 

Cireles  indicate  that  venous  pressure  cannula  was  tested  and  found  free  of 
olots. 

Chart  1.  Adrenalin  chloride  injections:  I  and  II,  decerebrate  eat  7;  III  and 
IV.  dog  4  B. 

Chart  2.  I  and  II,  dog  3S  A— Stimulation  of  saphenous  nerve  before  and  after 
partial  eurariiation;  III  and  IV,  decerebrate  cat  (^Adrenalin  ohiorideinjeetions, 
before  and  after  complete  curarisation;  vagi  out. 

Chart  8.  Adrenalin  chloride  injections:  I  and  II,  dog  1  A,  vap  cut  between 
I  and  II;  III  and IV,  dog4  B;  V,  dog 29  A. 
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minimal  nerve  stimulus  necessary  to  cause  contraction  of  some  skeletal 
muscle  in  the  fore  limb  was  determined  before  curare,  and  tben  sufficient 
curare  was  given  to  cause  this  stimulus  and  other  stronger  stimuli  to 
become  ineffective.  In  such  experiments  adrenalin  had  practically  the 
same  effect  on  the  venous  pressure  before  and  after  curare:  chart  2 
(III  and  IV)  is  an  example.  Changes  in  the  rate  of  the  artificial  res- 
piration seem,  also,  to  be  ineffective.  It  has  been  noticed  a  number  * 
of  times  that  the  venous  pressure  response  to  adrenalin  is  not  as 
mvked  immediately  after  the  administration  of  curare  as  it  is  later. 
In  a  few  cases,  as  shown  in  chart  1  (I  and  II),  the  effect  persists.  This 
depressant  action  on  venous  pressure  response  is-  probably  due  to  an 
action  on  the  nervous  mechanism  in  the  veins.  That  it  usually  passes 
off  very  rapidly,  fits  in  with  the  general  idea  that  the  primary  depres- 
sant action  of  curare  on  the  circulatory  system  is  of  very  short  duration. 

When  not  curarized,  occasionally  the  act  of  injecting  was  a  sufficient 
sensory  stimulus  to  cause  a  muscular  response.  This  muscular  re- 
sponse, often  seen  in  a  stretching  out  of  the  lower  limbs  and  conse- 
quent stretching  of  the  abdominal  muscles,  was  not  evident  on  the 
tracing  given  by  the  usual  pneumograph.  Therefore,  instead  of  re- 
cording respiration  by  means  of  a  rubber  bag  around  the  chest,  a  small 
rubber  balloon  was  inserted  through  a  small  opening  into  the  abdominal 
cavity  near  the  diaphragm,  and  the  skin  closed  tightly  around  the  glass 
tube  to  which  the  balloon  was  attached.  The  balloon  was  then  blown 
up  until  it  held  about  5  cc.  air,  and  connected  with  a  recording  tam- 
bour and  lever  as  the  bag  around  the  chest  had  been  before.  This  has 
the  advantage  of  recording  not  only  respiratory  changes  but  also  changes 
in  abdominal  pressure  which  very  markedly  influence  venous  pressure, 
as  shown  by  Hill  and  Barnard  (37). 

4-  Heart  rate  and  outpvt  per  minute.  Flimiier  (61),  in  his  work  on 
venous  pressure,  laid  great  stress  on  slowing  of  the  heart  rate  as  a  very 
efficient  means  of  raising  the  venous  pressure.  Occasionally  the  heart 
suddenly  stops  beating  after  an  injection  of  adrenalin.  The  venous 
pressure  may  then  rise  very  high ;  in  one  case  it  rose  five  times  as  high 
as  it  had  after  a  similar  dose  of  adrenalin  when  the  heart  rate  was 
increased.  In  dogs  with  good  vagal  tone,  the  heart  usually  slows 
markedly  after  adrenalin  and  the  venous  pressure  rises  (see  chart  3, 1). 
Even  with  the  vagi  cut  the  pulse  rate  is  often  slowed,  due  probably 
to  a  direct  action  on  the  heart  musculature,  as  is  shown  in  chart  3  (11). 
A  rather  uncertain  venous  pressure  response  is  often  seen  in  vagotomited 
dogs  when  the  heart  rate  is  increased  after  an  adrenalin  injection. 
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Such  results  would  lead  one  to  attribute  the  rise  in  veoous  preesure 
Botely  to  the  decreased  heart  rate  as  did  Plumier  (61)  and,  later,  Capps 
and  Matthews  (16).  Chart  3  (III,  IV  and  V),  however,  makes  one  doubt 
that  heart  rate  is  the  only  factor  involved.  Work  on  dogs  under  ether 
did  not  prove  satisfactory  in  clearly  demonstrating  whether  or  not  a 
nervous  mechanism  played  some  part  in  venous  pressure  response  to 
■  adrenalin.  There  are  several  reasons  for  this.  In  order  to  rule  out 
the  slowed  heart  rate,  the  vagi  had  to  be  cut.  This  caused  a  very  great 
increase  in  the  depth  of  respiration  which  brought  about  such  a  marked 
rise  and  fall  in  venous  pressure  that  it  was  difficult  to  compare  such 
fluctuations  in  pressure  with  the  change  occurring  after  adrenalin, 
since  the  respiratory  variations  were  then  often  absent,  due  to  tempo- 
rary cessation  of  respiration.  Besides,  even  with  the  vagi  cut,  the 
heart  frequently  slowed  after  adrenalin.  Still  more  serious,  perhaps, 
is  the  possible  effect  of  ether  on  the  nervous  mechanism.  Ether  de- 
presses the  arterial  vasomotor  response  to  adrenalin,  as  shown  by 
Berry  (8)  and  Rous  and  Wilson  (63),  and  could  naturally  be  expected 
to  affect  a  nervous  mechanism  in  the  veins — all  the  more  so  because, 
as  shown  by  Hooker  (41),  this  mechanism  is  extremely  sensitive.  If 
very  light  ether  anesthesia  were  employed,  there  would  then  be  the 
difficulty  of  muscular  and  respiratory  responses  discussed  .above. 
Chart  3  (III  and  IV)  shows  an  unusual  experiment  in  which  the  ether 
anesthesia  was  Ught,  and  yet  respiration  remained  constant  throughout 
the  experiment.  Experiments  on  decerebrated  cats,  which  needed  no 
anesthetic  after  the  operation,  and  whose  vagal  tone  is  not  nearly  so 
marked  as  dogs',  proved  to  be  very  satisfactory.  Also,  it  was  no  small 
consideration,  since  curare  is  very  difficult  to  obtain,  that  it  took  only 
a  small  amount  of  curare  to  curarize  a  cat,  as  compared  with  a  dog. 
Since  sensory  stimuli  have  been  shown  to  be  effective  after  curare,  it  is 
desirable,  for  humanitarian  reasons,  to-  work  on  a  decerebrated  prepa- 
ration where  there  can  be  no  question  of  not  giving  enough  anesthetic 
during  curarization  to  cause  analgesia. 

Concerning  the  influence  of  change  of  the  heart  rate  on  venous  pres- 
sure, it  should  be  said  that  it  is  really  the  per-minute  output  of  the  heart, 
rather  than  the  heart  rate  alone,  that  is  essential.  Quoting  from 
Erianger  and  Hooker  (24),  (p,  161),  "If  the  pulse  pressure  is  approxi- 
mately dependent  upon  the  amount  of  blood  that  escapes  from  the 
arteries  during  one  cardiac  cycle,  then  it  is  obvious  that  the  amount 
that  escapes  must  vary  directly  as  the  pulse  rate."  Therefore,  pulse 
pressure  multiphed  by  pulse  rate  gives  us  an  expreseion  of  the  output 
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of  the  heart  per  minute.  It  is  possible  to  increase  or  decrease  the  oat- 
put  per  minute  by  increasing  or  decreasing  either  or  both  at  then 
factors,  and  to  keep  the  output  confitalnt  by  varying  the  two  factors 
proportionately  in  the  opposite  directions.  Hence  one  cannot  say  that 
a  slowed  heart  necessarily  causes  a  decreased  output  per  minut«,  and 
hence  a  rise  in  venous  pressure.  It  is  tlieoretic^y  possible  that  the 
pulse  pressure  might  so  increase  that  even  with  a  lower  heart  rate  the 
output  per  minute  would  increase.  In  the  case  of  adrenalin,  however, 
this  possibihty  seems  never  to  be  realized,  at  least  when  the  pulse 
rate  is  greatly  reduced.  For  example,  in  one  experiment,  before 
adrenalin,  the  pulse  pressure  was  180  mm.  Hg.  and  the  pulse  rate  per 
minute  158,  making  a  per-minute  output  of  28,440.  After  adrenalin, 
the  pulse  pressure  was  240  and  the  pulse  rate  20,  giving  the  greatly 
decreased  per  minute  output  of  4800.  The  stowing  in  this  case  was 
way  out  of  proportion  to  the  increased  pulse  pressure,  and  was  accom- 
panied by  a  rise  in  venous  pressure  from  25  to  120  mm.  Na  citrate. 

Experiments  were  performed  on  dogs,  as  illustrated  in  chart  4,  in 
which  the  vagi  were  cooled  by  perfusing  ice  water  through  glass  tubing 
in  a  V  around  each  nerve,  and  afterwards  allowing  the  nerves  to  ccnoe 
to  room  temperature  again.  The  pulse  rate,  arterial  pressure,  resiHra- 
tory  rate  and  amplitude  were  all  a£Fected  but  very  little  change  in 
venous  pressure  took  place.  When  the  perfusion  of  ice  water  around 
the  nerves  was  discontinued,  the  pulse  rate  decreased  from  144  to  108, 
the  venous  pressure  decreasing  also  a  few  millimeters.  When  the 
heart  stops  beating  the  rise  in  venous  pressure  is  due  to  a  back  pres- 
sure in  the  veins  and  also  to  the  tendency  for  equalieation  of  pressures 
to  take  place  throughout  the  vascular  system.  When  the  heart 
slows,  but  does  not  stop,  these  factors  operate  to  cause  a  rise  in  venous 
pressure,  but  to  a  less  extent.  If  now  the  arterial  pressure  rises  as  the 
slowing  of  the  heart  occurs,  as  after  adrenalin,  the  mean  pressure  tA 
the  vascular  system  toward  which  the  various  pressures  are  tending 
will,  of  course,  be  greater,  and  hence  there  is  a  much  greater  poasi- 
bility  of  a  lai^  rise  in  venous  pressure.  In  one  experiment,  after  an 
adrenalin  injection,  the  heart  was  slowed  about  as  much  as  after  the 
cooling  of  the  vagi  was  discontinued  (chart  4,  II),  In  the  fonner  case 
the  arterial  pressure  rose,  showing  that  the  capacity  of  the  vascular 
system  was  decreased,  while  in  the  latter  it  fell.  In  the  case  of  adre- 
nalin there  may  be  a  nervous  constrictor  mechanism  in  the  veins  at 
work,  but  from  other  experiments  on  dogs  it  seems  likely  that  this 
plays  litUe  part  in  etherized  dogs.    It  seems  more  probable  that  the 
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decreased  capacity  of  the  Byatem  acts  in  connection  with  the  slowed 
heart  rate  to  cause  a  rise  in  venous  pressure. 

5.  Nervous  v%echanism.  It  can  readily  be  seen  from  the  foregoing 
that  one  cannot  attribute  a  rise  in  venous  pressure  to  the  activity  iA  a 
vasomotor  mechanism  in  the  veins,  unless  one  is  sure  that  the  per- 
minute  output  of  th6  heart  has  not  decreased  sufficiently  to  explain  the 
rise.  As  we  have  seen,  when  this  factor  is  ruled  out  in  experiments 
on  dogs  under  ether,  the  evidence  for  the  functioning  of  a  nervous 
mechanism  is  not  very  conclusive.  In  the  experiments  on  decerebrate 
cats,  however,  there  is  clear  evidence  of  such  a  mechanism.  With  the 
vagi  intact,  we  may  get  the  response  which  is  usual  in  ^ogfi — a  rise  in 
venous  and  arterial  pressure  and  a  slowing  of  the  heart,  chart  5  (I 
and  II).  When,  however,  the  vagi  are  cut  (chart  5,  III  and  IV), 
there  is  still  a  rise  in  venous  pr^sure.  The  heart  rate  is  practically 
unchanged  and  the  pulse  pressure  increased  (as  nearly  always  occurs 
after  adrenalin)  so  that  the  output  per  minute  is  now  increased  and  the 
tendency  would  be  for  a  fall  rather  than  a  rise  in  venous  pressure. 
So  also  in  this  experiment,  the  respirations  were  decreased  in  height 
and  frequency  which  would  tend  to  lower  rather  than  r^se  venous 
pressure.  The  rise,  therefore,  which  one  does  get  under  these  circum- 
stances seems  to  be  due  to  a  nervous  factor,  rendered  probably  less 
effective  in  producing  a  rise  because  of  the  factors  tending  to  produce  a 
fall.  Chart  6  shows  very  uniform  rises  in  venous  pressure,  though  in 
some  cases  the  heart  rate  is  slowed  and  in  some  cases  increased  in  fre- 
quency. In  the  experiment  shown  in  chart  7,  the  respiratory  factor  is 
completely  controlled  by  curarization.    The  v^  are  cut  in  IV  and  V. 

It  is  interesting  to  inquire  whether  or  not  the  seat  of  this  action  of 
adrenalin  is  central  or  peripheral.  Two  different  types  of  experi- 
ments were  performed  to  investigate  this  question.  In  the  first,  the 
cord  was  sectioned  in  the  cervical  region  (about  at  the  level  of  the 
fifth  or  sixth  cervical  vertebra).  As  is  shown  in  chart  8,  this  does  not 
destroy  the  venopressor  response  to  adrenalin,  though  whether  or  not 
any  small  part  of  the  reaction  is  of  central  origin  is  hard  to  determine, 
since  the  amount  of  response  to  a  certain  dose  is  not  invariable,  and  so 
the  effect  of  a  dose  before  cutting  the  cord  is  difiBcult  to  compare  with 
the  same  dose  just  afterwards.  The  response  before  and  after  is 
quite  edmilar,  however. 

For  the  second  type  of  experiment  the  isolated  vein  preparation  of 
Hooker  (41)  was  used.  In  the  first  of  these  experiments.  Doctor 
Hooker  kindlydemonstrated  the  method  to  the  writer.   An  isolated  loop 
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of  large  inteBtine  in  which  the  inferior  megentery  artery  and  vein  had 
heen  cannulated,  was  hung  up  free  from  the  Burrounding  intestines. 
The  only  connection  with  the  animal  was  through  a  nerve  running  from 
the  infe'rior  mesenteric  ganglion  to  the  large  intestine  and  entering 
the  intestine  in  close  proximity  to  the  inferior  mesenteric  artery.  Blood 
was  washed  out  of  the  vessels  from  artery  to  vein  by  means  of  wanned 
(about  37°C.)  Ringer's  solution  under  air  pressure  of  00  to  120  mm.  Hg. 
The  cannulated  artery  was  then  disconnected  from  the  air  pressure  appa- 
ratus and  allowed  to  hang  freely  from  the  preparation.  The  vein  was 
then  connected  with  a  venous  pressure  manometer  containing  warmed 
Ringer's  solution.  The  zero  level  was,  in  most  cases,  adjusted  to  the 
level  of  th^  vein  in  which  the  pressure  was  being  measured.  The  vein 
was  distended  by  a  positive  pressure  of  from  30  to  100  mm.  Ringer's 
solution,  by  means  of  a  pressure  bottle.  Any  change  in  the  caliber  of  the 
vein  would  then  be  indicated  by  a  rise  or  fall  in  the  level  in  the  venouB 
pressure  manometer.  Hooker  (42)  has  shown  that,  in  this  preparation, 
a  rise  in  venous  pressure  may  be  elicited,  peripherally,  by  stimulation 
of  the  nerve  to  the  part;  reflexly,  by  sensory  stimulation ;  and  centrally, 
by  asphyxia.  In  such  a  dog,  when  oclrenalin  chloride  was  injected 
into  the  saphenous  vein  in  doses  from  0.2  to  0.6  mgm.,  no  rise  in  venous 
pressure  in  the  isolated  vein  occurred,  but  when  such  injections  were 
followed  by  asphyxia,  produced  by  closing  off  the  end  of  the  tracheal 
cannula  for  two  or  six  minutes,  a  rise  in  venous  pressure  from  15  to 
20  mm.  occurred,  showing  that  the  preparation  was  still  in  good  condi- 
tion. This  seems  to  show  that  the  venopressor  rise  after  adrenalin  is 
not  due  to  any  central  mechanism,  oontroUing  the  caliber  of  veins, 
but  to  a  peripheral  effect  on  sympathetic  endings,  such  as  takes  place 
in  the  arterioles. 

. pulse  rate  per  minute. 

arterial  pressure  in  mm.  Hg. 

superior  cava  pressure  in  mm.  2  per  cent  sodium  citrate. 

++++  inferior  cava  pressure  in  nun.  3  per  cent  sodium  citrate. 

^^^^~  respiratory  rate  per  minute. 

Large  dots  indicate  actual  determinatioDS. 

Circles  indicate  that  venous  pressure  cannula  vas  tested  and  found  free  from 

Chart  4.  Dog  17  A— Vagus  nerves  cooled. 

Chart  S.  Decerebrate  eat  3 — Adrenalin  chloride  injections,  vagi  cut  betveen 
II  and  III. 

Chart6.  Decerebrate  cat6 — Adrenalin  chloride  injections,  artificial  respiration. 
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Some  experimentB  which  were  being  carried  out  in  this  laboratory 
suggested  thftt  histamine  might  hftve  an  effect  on  the  venopreseor 
mechanism.  Chu-t  9  (I,  II,  III)  shows  typical  arterial  and  venous 
responses  to  adrenalin  in  a  curarized,  decerebrate  cat.  One-half  milli- 
gram (1  cc.)  of  histamine  (chart  9,  IV)  caused  a  fall  is  arterial  pressure; 
in  some  experiments  the  venous  pressure  also  fell.  A  more  marked 
reaction  was  shown  in  another  experiment,  where  twice  the  dose  was 
given.  Accordii^  to  Dale  and  Laidlaw  (19),  had  the  cat  been  under 
an  anesthetic,  these  doses  of  histamine,  fnnn  which  the  unanesthet- 
ised  cat  recovers,  would  have  produced  fatal  circulatory  collapse. 
When  histamine  was  followed  by  adrenalin  in  the  same  and  larger 
doses  than  given  previously  in  the  experiment,  there  was  no  venous 
pressure  response  (chart  0,  V  and  VI).  The  arterial  pressure  rose,  but 
not  nearly  as  high  as  before,  with  the  same  dose.  A  second  injection, 
however,  gave  a  typical  arterial  pressure  rise,  but  still  no  change  in 
vfmouB  pressure.  The  work  of  Dale  and  Richards  (20)  and  Dale  and 
Laidlaw  (19)  leads  them  to  conclude  that  relaxation  of  the  capillaries 
is  the  cause  of  the  vasodilator  effect  of  histamine.  The  fall  in  venous 
pressure  after  histamine  and  the  aubsequent  failure  of  the  nervous 
mechanism  to  respond  to  adrenalin,  indicates  that  histamine  has  a 
relaxing  effect  on  venous  tone,  also,  and  acts  in  some  way  to  depress  the 
activity  of  the  venopressor  mechanism. 

Summary.  The  various  possible  factors  operating  to  produce  the  rise 
in  venous  blood  pressure  which  occurs  in  doga  and  cats  after  intra- 
venous injection  of  adrenalin  are  discussed.  The  two  factors  chiefly 
responsible  are  the  decreased  heart  rate  bringing  about  decreased  unit 
output  of  the  heart,  and  a  vasoconstrictor  mechanism  in  the  veins.    The 

......  pulH  rata  per  minute. 

ftrteriftl  pressure  in  mm.  Hg. 

superior  cava  pressure  in  mm.  2  per  cent  sodium  oitrate. 

++++  inferior  cava  pressure  in  mm.  2  per  cent  sodium  citrate, 
'         I"  respiratory  rate  per  minute. 

Large  dots  indicate  actual  determinations. 

Circles  indicate  that  venous  pressure  cannula  was  tested  and  found  free  from 
clots. 

Chart?.  Adrenalin  chloride  injections:  I,  II  and  III,  decerebrate  cat  S— Vagi 
intact;  cat  curariied;  artificial  respiration;  IV  and  V,  decerebrate  cat  9— Vagi 
cut;  cat  ouraiiied;  artificial  respiration. 

Chart  8.  Decerebrate  oat  15 — Adrenalin  chloride  injections,  before  and  after 
section  of  cord;  vagi  cut;  oat  ouraiised;  artificial  respiration. 

Chart  9.  Decerebrate  oat  17 — Adrenalin  chloride  injections,  before  and  after 
histamine;  ragi  out;  oat  cursriied  and  artificial  respiration  begun  between  I  and 
11. 
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effect  of  the  first  factor  is  accentuated  by  the  fact  that  the  arterial  pra- 
flure  is  greatly  raised  by  adrenalin  in  the  doses  here  used.  The  fint 
factor  has  been  recognised  before.  Reasons  are  given  why  the  second 
factor  was  previously  overlooked.  In  dogs  with  good  vagal  tone  and 
under  an  anesthetic,  the  rise  in  venous  pressure  is  almost  entirely  due 
to  the  first  factor.  In  cats  whose  vagal  tone  is  not  nearly  as  strong, 
the  second  factor  predominates.  This  nervous  mechanism  is  shown 
to  be  acted  on  peripherally  by  adrenalin,  and  to  be  depressed  by  eUier, 
curare  and  histiunine,  especially  the  last. 

I  may  take  the  opportunity  here  to  thank  Dr.  W.  H.  Howell  and 
Dr.  D,  R.  Hooker  of  this  University,  and  Dr.  J.  L.  King  of  Goucher 
College,  for  kindly  encouragement  and  aid  in  the  preparation  of  this 
paper. 
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STUDIES  ON  THE  VISCERAL  SENSORY  NERVOUS  SYSTEM 

II.  LUNQ   AUTOUATIBH   AND   LimG    RePLEXSS   IN   THE   SaLAMANDEBS 
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In  a  previous  article  (5)  we  showed  that  the  lung  of  the  fn^  contracts 
immediately  following  the  external  respiratory  act;  that  the  lung  mus- 
culature can  be  induced  to  contract  reflexly  by  the  stimulation  of  any 
visceral  or  cutaneous  nerve  with  practicidly  no  exceptions;  that  the 
lungs  of  this  animal  possess  a  peripheral  automatic  mechanism  which 
at  times  shows  rhythm  but  which  under  normal  conditions  is  kept  in 
a  state  of  inhibition  by  tonic  central  inhibitory  impulses  via  the  vagi; 
that  these  nerves,  furthermore,  contain  not  a  few  motor  fibers  which 
apparently  exert  no  marked  tonic  activity;  and  that  the  cervical  sym- 
pathetic nerves  contain  but  few  motor  and  no  inhibitory  fibers  for  the 
lusgs.  In  addition,  we  made  a  brief  study  of  the  action  of  certain 
drugs  (atropine,  adrenalin  and  histamine)  on  the  lungs  besides  using 
nicotine  extensively  in  differentiating  between  the  motor  and  inhibitory 
nerves  contained  in  the  vagus  fibers  to  the  lungs. 

On  completion  of  this  work  it  seemed  quite  important  to  us  to  in- 
vestigate the  neuro-muscular  apparatus  and  physiology  of  the  nerves 
of  the  lui^  of  other  available  amphibia  to  determine  whether  or  not 
the  physiological  mechanism  discovered  in  frogs  is  the  same  or  sunilar 
in  this  class  of  animals. 


The  only  amphibia  available  for  this  study  were  the  axolotl  and 
necturus.  The  general  methoda  of  study  were  those  reported  in  our 
first  article,  modified  to  meet  the  anatomical  peculiarities  of  the  type 
of  aniirml  which  we  were  studying. 

In  every  instance  the  cord  was  pithed  below  the  medulla.    As  in 

previous  work  on  the  frog  we  cannulated  the  tips  of  the  lungs  exposed 
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by  a  ventral  inciaon  and  connected  each  cannula  with  either  a  water 
manometer  or  delicate  tambour.  After  recording  the  normal  respira- 
tions or  respiratory  attempts  of  the  animal,  we  attempted  to  elicit 
refiex  lung  contractions  as  the  result  of  mechanical  and  electrical  stimu- 
lations applied  to  the  animal  anterior  to  the  spinal  transection.  We 
subsequently  closed  the  glottis  with  a  small  mosquito  forceps  (is 
axolotl  only)  and  pithed  the  brain  (spedfically  the  medulla)  to  note 
any  tonic  inhibitory  influence  the  vagi  nerves  might  have  on  the  neuro- 
musculature  apparatus  of  th6  lungs.  Stimulation  of  the  same  nerves 
to  the  lungs  next  ei^aged  our  -attention.  This  was  followed  by  the 
effect  of  the  intravenous  injection  of  drugs  alone  or  in  combination. 
Because  of  the  poor  or  imperfect  circulation  in  neeturus,  as  a  result  of 
the  preparation  of  the  animal  for  experimentation,  for  certain  purposes 
we  injected  the  drug  deep  muscularly,  15  to  20  minutes,  before  prepar- 
ing the  animal  in  the  manner  described  above;  for  we  found  that  even 
injection  of  the  drug  in  Ringer's  solution  by  way  of  the  bulbua  arterio- 
BUB  or  into  the  pulmonary  artery  failed  to  reach  the  posterior  end  of 
the  lung  of  this  animal. 

The  lungs  of  necburus  are  paired  sacs,  extending  from  the  level  of 
the  heart  almost  to  the  anal  region.  There  are  no  alveoli  or  septai  in 
these  lungs.  According  to  Miller  (9)  the  course  of  the  smooth  mus^e 
fibers  in  the  lung  walls  is  circular,  except  at  the  apex.  Both  lung  artery 
and  lung  vein  lie  superficial  to  the  muscle  layer. 

Miller  has  described  medullated  and  non-medullated  nerve  fibers 
and  nerve  nets  in  the  necturus  lung.  The  pulmonary  fibers  of  the  vagi 
enter  the  base  of  the  lungs  in  many  branches,  not  along  ^e  pulmonary 
blood  vessels,  as  in  the  frog,  but  between  the  blood  vessels.  >  Thers 
are  many  ganglion  cells  (bipolar  and  multipolar)  in  the  main  'oerve 
trunks  and  in  the  nerve  plexuses.  According  to  Miller,  the  non-nwdul- 
lated  fibers  connect  with  the  ganglion  cells.  Similar  ganglionated  nerve 
plexuses  have  been  described  in  the  lungs  of  other  tuled  EunphibisQS, 
especially  by  Stirling  (1 1)  in  the  case  of  the  newt.  The  oldet-  anatomical 
literature  is  reviewed  in-detail  by  Oppel  (10).  Miller's  description  of 
the  ganglionated  nerve  plexuses  in  the  necturus  lung  is  practically 
identical  with  the  local  nervous  system  of  the  necturus  heart,  as^studied 
by  one  of  us  (6).  ■  . 

In  necturus  the  glottis  or  opening  from  the  pharynx  into  the  trachea 
is  exceedingly  small,  and  certainly  not  suited  for  rapid  filling  or  emptying 
the  lung  sacs  with  air.  We  have  repeatedly  seen  these  animals  attempt 
to  swallow  air,  the  air  escaping  by  the  ^11  slits  and  in  no  instwice 
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eDteriog  the  lungs.  There  can  be  no  doubt  that  in  necturus  the  gaseous 
exchange  is  carried  out  by  the  gills,  supplemented  by  the  skin,  and  the 
rdle  of  the  lung  sacs  in  respiration  is  an  open  question.  The  lung  sac 
of  necturus  has  the  same  histogenesis  as  the  lung  of  other  vertebrates, 
although  it  remains  most  primitive  as  regards  differentiation.  Should 
these  structures  be  called  lungs,  especially  if  they  serve  mainly  or 
exclusively  as  "hydroetatic  organs?" 

In  our  review  of  the  anatomical  and  zoological  hterature  on  amphibian 
respiration,  we  came  across  the  surprising  fact,  apparently  well  known 
to  zo6logist8  though  not  to  phyaiolo^sts,  that  many  species  of  tailed 
amphibians  have  neither  lungs  nor  gills,  and  in  other  species  without 
gills  the  lungs  appear  to  be  too  rudimentary  to  function  in  respiration. 
The  normal  condition  of  these  species  is  that  of  the  frog  with  the  lungs 
extirpated,  that  is,  the  gaseous  exchange  is  carried  out  entirely  by  the 
skin.  But  several  zo&logists  (Wilder  (12),  Lonnberg  (8),  Camerano 
(4),  Bethge  (3)  and  others)  have  concluded  mainly  on  anatomical 
grounds  (great  vascularity  of  the  mucous  membrane  of  the  buccal 
cavity  and  upper  end  of  the  esophagus),  that  the  pharyt^eal  cavity 
serves  lung  functions,  especially  in  those  species  having  neither  limga 
Dor  gills.  It  appears  to  be  a  fact  that  the  so-called  buccal  respiratory 
movements  (including  that  of  the  external  nares)  are  carried  out  even 
in  those  species  in  which  the  lungs  are  absent.  But  Bab&k  and  Kilhnova 
(I)  have  shown  that  the  brain  centers  controlling  these  movements  are 
different  frcMU  those  governing  the  filling  and  emptying  of  the  lungs, 
the  latter  are,  the  former  are  not  influenced  by  asphyxia,  which  fact 
seems  to  throw  doubt  on  the  respiratory  character  of  these  buccal 
movements.  Lapique  and  Petetin  (7)  have  also  shown,  in  the  case 
of  one  species  of  salamanders  devoid  of  lungs  and  gills,  that  the  main 
respiratory  oi^an  is  in  the  skin. 

None  of  these  questions  can  be  settled  except  by  direct  physiological 
experiments,  but  we  may  regard  the  necturus  lungs,  proviuonally  at 
least,  as  lUngs  on  the  ba^  of  orgauogcneEos.  Their  motor  control 
also  places  them  in  the  same  category  with  the  lung  of  the  frog  and  of 
the  axolotl. 

Since  the  entire  respiratory  apparatus  (including  the  lung)  of  the 
necturus  is  strikingly  more  primitive  than  that  of  the  other  salamander 
used  in  this  study,  we  shall  describe  the  results  obtained  from  necturus 
first  and  end  with  a  description  of  those  obtained  from  the  axolotl. 

Neclvriis  maeuiatm.  External  respiration  in  this  animal  is  essentially 
performed  by  the  large  gilb  which  imder  usual  conditions  are  kept  in 
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more  or  less  cooBtant  motion.  Occasionally  the  animals  come  to  the 
surface  for  air  which  is  promptly  expelled  by  an  act  of  swallowing 
through  the  giU  sUts.  The  lungs  of  this  animal  consist  essentially  of 
two  thin  elongated  muscular  sacs  which  arc  well  supplied  with  blood 
vessels.  With  but  one  exception  we  found  them  collapsed.  In  an 
inflated  and  atonic  condition  their  diameter  is  about  1  cm.  at  their 
greatest  circumference.  At  their  ends  they  taper  off  into  blunt  tips, 
at  their  base  they  conmiunicate  with  a  tracheal  sac  similar  to  that 
possessed  by  the  frog.  This  sac  communicates  with  the  oral  cavity 
through  a  glottis  situated  far  down  in  the  pharyngeal  r^on.  The 
glottis  is  exceedingly  primitive.  It  conMsts  essentially  of  a  slit  which 
is  quite  easily  overlooked  on  direct  inspection.  We  agree  with  the 
description  of  Oppel  that  the  glottis  is  exceedingly  delicate.  Taking 
everything  into  account  we  feel  that  the  lungs  may  serve  an  excretory 
function  (elimination  of  COi)  but  are  rarely  if  ever  filled  with  air  duing 
any  act  of  external  respiration.  The  lungs  receive  their  innervation 
through  pulmonary  fibers  carried  by  the  vagi.  It  was  found  impracti- 
cable to  isolate  these  latter  nerves  In  the  neck  for  direct  electrical  stimu- 
lation. They  were  isolated  at  their  exit  from  the  skull  by  a  dissection 
to  right  and  left  of  the  median  line  after  a  sagittal  section  of  the  skull; 

Because  of  the  inaccessibility  of  the  glottis  for  closure  by  hemostat 
as  practised  in  the  frog,  pe  prevented  communication  of  the  lungs 
through  the  glottis  with  the  mouth  by  dorso-lateral  traction  and  fix- 
ation in  that  position  of  the  fore  legs  after  pinning  the  animal  on  its 
hack.  A  wad  of  cotton  wedged  tmder  the  neck  of  the  animal  at  the 
level  of  the  tracheal  sac  or  put  over  the  tracheal  sac  and  held  firmly 
in  that  position  by  the  constriction  of  a  rubber  band  was  an  additional 
measure  employed  in  not  only  closing  off  the  glottis  but  in  preventing 
intercommunication  between  the  lungs  through  the  tracheal  sac. 

AxoloH.  The  lungs  of  this  genus  of  amphibia  are  certainly  more 
complex  than  in  necturus.  On  opening  the  abdominal  cavity  one  is 
at  first  glance  struck  with  the  resemblance  of  the  lungs  of  this  animal 
with  the  reptilian  lung.  The  upper  portions  of  both  lungs  are  sub- 
divided into  alveolar  sacs  by  septa;  the  lower  appendages  which  extend 
down  the  abdominal  cavity  for  a  considerable  distance  are  more  saclike 
in  their  texture.  As  in  the  frog  and  necturus  the  lungs  communicate 
at  their  base  with  the  tracheal  sac  which  in  turn  communicates  with 
the  mouth  cavity  through  a  well-developed  glottis.  In  the  specimens 
which  we  used  gills  were  present  and  functioning.  It  was  equally 
apparent,  especially  on  opening  the  abdominal  cavity,  th»t  the  animals 
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could  and  did  make  use  of  the  lungs  for  gaseous  exchange.  Id  this 
animal  the  vagi  could  be  isolated  in  the  neck  as  in  the  frog.  The 
result  of  our  investigation  on  this  form  is  confined  to  a  study  of  lees 
than  a  dozen  animals.  Although  most  of  the  animals  were  in  good 
condition  at  the  time  of  experimentation,  they  deteriorated  more 
quickly  than  the  frog  and  the  necturus  similarly  prepared.  We  are 
confident,  however,  that  our  results  are  characteristic  of  this  form 
especially  since  they  fit  in  well  with  what  we  observed  in  the  frog  and 
necturus. 

All  the  tracings  reproduced  with  this  report  were  taken  with  the 
same  speed  of  the  kymograph.  A  single  time  tracing  showing  5  second 
intervals  will  be  found  at  the  bottom  of  figure  1.  It  can  be  used  in 
a  study  of  the  time  relations  in  all  other  tracings  should  the  reader  can 
to  do  so. 


1,  Necturus  mactilaius:  a.  The  cenlral  inh^ntory  control  of  Uie  lun^/a 
through  the  vagi.  As  mentioned  above  it  was  found  impossible  for 
anatomical  reasons  to  isolate  the  vagus  nerve  or  its  pulmonary  braoebes 
in  the  neck  to  note  the  effect  of  ligation  and  sections  of  these  nerves 
on  the  tonic  activity  of  the  lung  musculature.  Since  destruction  of 
the  medullary  centers  in  the  frog  effected  the  same  result,  we  adopted 
this  expedient  is  necturus.  Having  closed  the  glottis  and  prevented 
intercommunication  of  the  lungs  as  described  above  we  connected  the 
lungs  each  with  a  water  manuneter  and  destroyed  the  brain  entirely 
by  rapidly  pithing  it.  Figure  1,A,  shows  the  effect  of  such  a  procedure. 
The  destruction  at  a  of  the  cerebral  lobes  and  midbrain  was  followed 
by  a  temporary  escape  of  the  lungs  from  inhibitory  control.  The 
sulsequent  destruction  at  b  of  the  medullary  centers  was  followed  by 
permanent  hypertonic  state  of  the  lung  as  in  the  frog.  In  another 
animal  whose  oord  was  not  pithed  at  all  but  which  lay  quietly  on  its 
back  as  a  result  of  a  rubber  band  placed  tightly  about  the  front  legs,' 
ligation  of  the  base  of  one  lung  was  followed  by  an  immediate  escape 
of  this  lung  from  tonic  inhibitory  control  in  a  manner  identical  with 
destruction  of  the  medulla  (fig.  1,  B). 

>  Both  in  the  frog  and  in  the  necturus  preseing  the  front  legs  tightly  together 
with  a  rubber  band  renders  the  animals  quiescent,  and  they  will  lie  quietl;  on 
their  backs  for  long  periods  without  attempting  to  turn  to  a  normal  position. 
This  procedure  depresses  also  some  of  the  skeletal  reflexes. 
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It  should  be  noted  that  in  this  animal  the  entire  central  nervous 
^^stem  was  intaet  and  that  there  was  the  minimum  trauma  produced 
in  exposing  the  tip  and  base  of  one  lung.  Nevertheless,  on  severing 
this  lung  from  its  physiological  connection  with  the  central^  nervous 
system,  the  typical  lung  tetanus  was  produced.  The  results  of  this 
type  of  experiment  strengthen  our  position  that  the  striking  peripheral 
automatism  of  the  amphibian  lung  is  a  normal  physiologicai  slate  and 
not  induced  by  the  trauma  rendered  necessary  by  the  experimental 
procedures. 

From  these  experiments  it  Xtrould  seem  to  follow  that  in  this  animal 
the  lung  is  kept  in  tonic  inhibition  by  central  vagal  control.  If  now 
one  proceeds  further  and  stimuIateB  the  peripheral  end  of  the  exposed 
vagus  nerves  at  the  base  of  the  skull  as  was  done  in  many  animals,  one 
obtains  temporary  escape  of  the  lung  from  the  hypertonic  state  as  is 
shown  in  figure  2.  This  animal  suffered  at  a  an  exposure  of  the  anterior 
end  of  the  brain  by  resection  of  the  end  of  the  upper  mandible.  This 
operative  procedure  was  followed  possibly  by  a  sUght  inhibition  of  the 
lung  tonus.  The  medulla  was  rapidly  pithed  at  6  resulting  in  perma- 
nent hypertonus  of  the  lung.  Stimulation  of  the  peripheral  end  of  the 
left  and  the  right  vagus  at  c  and  d  respectively  was  in  each  instance 
followed  by  a  temporary  inhibition  of  the  lung  with  an  unusually  rapid 
return  to  its  hypertonic  state.  If  the  peripheral  vagus  stimulation  is 
of  sufficient  strei^h  the  inhibition  of  the  lung  tonus  usually  puts  the 
lung  back  temporarily  to  the  identical  tonuB  state  prior  to  the  destruc- 
tion  of  the  medulla.  This  is  additional  evidence  that  the  state  of  the 
lung  tonus  in  the  intact  animal  is  governed  by  the  inhibitory  control 
through  the  vagi. 

Since  ligation  of  the  base  of  the  lung  effects  the  same  result  as  de- 
struction of  the  medulla,  namely,  an  escape  of  the  lung  from  its  state 
of  inhibitory  control,  it  might  be  expected  that  electrical  stimtilation 
of  the  base  of  the  lung  would  cause  an  inhibition  comparable  if  not 
identical  with  stimulation  of  the  peripheral  end  of  the  vagus.  Figure 
3  records  the  result  of  such  an  experiment.  The  lungs  being  in  a  state 
of  hypertonus  as  a  result  of  destruction  of  the  medulla  by  pithing,  slimu- 
fation  of  the  vagus  of  the  right  lung  at  a  caused  an  inhibition  which  is 
virtually  dupUcated  by  stimulation  of  the  base  of  the  left  lung  at  6. 

It  appears  to  us  from  these  observations  that  there  is  no  escape  from 
the  conclusion  that  the  vagi  nerves  possess  inhibitory  fibers  for  the 
lui^  which  under  normal  conditions  exercise  a  maximum  inhibitory 
control  over  the  lungs  by  tonic  impulses  from  the  medullary  centers. 
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b.  Peripheral  lung  rkyUtm.  In  two  instances  the  lungs  of  aecturus 
showed  a  type  of  tonus  rhythm  seen  occanonally  in  the  frog.  Figure 
4,  A  and  B,  are  records  taken  from  these  animals.  In  figure  4,  A, 
this  tonus  rhythm  appeared  on  pithing  the  medulla  at  a.  Here  s  fast 
and  later  a  slow  tonus  rhythm  is  written  on  the  curve  indicating  release 
of  the  lung  from  central  vagus  inhibition.  In  figure  4,  B,  the  tonus 
rhythm  followed  a  decidedly  rapid  inhibition  resulting  from  faradiza- 
tion of  the  base  of  the  lung  at  a  with  a  strong  tetanizing  current. 

The  interpretation  of  these  results  is  based  entirely  upon  speculation. 
It  is  possible  that  the  rhythm  which  appeared  as  a  result  of  the  destruc- 
ti<Hi  of  the  bnun  (fig.  4,  A)  arose  from  occasional  inhibitory  impulses 
reaching  the  lungs  through  the  vagi  from  more  or  less  intact  portions 
of  the  medulla  which  escaped  complete  destruction  during  the  pithing 
of  the  latter.  The  tetanization  with  a  strong  current  of  the  base  of 
the  lung  in  figure  4,  B,  at  a  might  have  effected  changes  in  the  phyu- 
olopcal  state  of  the  automatic  tissue  present  in  the  limgs  which  initiated 
an  occasional  and  recurring  refractory  state  of  this  peripheral  automatic 

Fig.  1.  Water  manometer  tracmgi  of  the  intrapulmonio  presBure  in  necturus. 

A:  Spina]  cord  cut  and  destroyed  below  medulla,  cannula  in  tip  of  lungs. 
Glottis  closed  by  dorsal  traction  on  front  legs.  Lungs  isolated  by  ventral  median 
incision;  a,  destruction  of  cerebral  lobes  and  midbrain;  b,  destruction  of  the 
medulla.    Showing  permanent  lung  hypertonuB  on  destruction  of  medulla. 

B:  Animal  rendered  qtiiet  by  tying  rubber  band  around  front  legs,  placed 
on  dorsal  side,  no  restraint,  with  water  running  over  gills.  Abdominal  incision 
at  base  and  tip  of  lung;  x,  ligation  of  base  of  lung.  Showing  permanent  lung 
hypertonuB  identical  with  that  following  destruction  of  medulla.  Time  tracing: 
fi  second  intervals. 

Fig.  2.  Water  manometer  tracings  of  the  intrapulmonic  pressure  in  necturus. 
Upper  tracing,  left  lung;  lower,  right  lung.  Spinal  cord  cut  and  deatrojred 
below  medulla;  cannulae  in  tips  of  lungs.  Lungs  isolated  by  a  ventral  median 
indsion.  Glottis  (trachea)  closed  by  pressure  exerted  by  dorsal  traction  on 
front  legs. 

a,  Transverse  section  of  upper  mandible  exposing  anterior  end  of  brain. 

b,  Pithing  brain. 

c,  Stimulation  of  left  vagus  at  base  of  skull. 

d,  Ditto,  right  vagus. 

Showing  hypertonus  of  lungs  induced  by  destruction  of  the  medulla,  and 
inhibition  of  this  tonus  by  vago  stimulation. 

Fig.  3.  Water  manometer  tracings  of  the  intrapulmonic  pressure  in  necturus. 
Cannulae  in  tips  of  lungs.  Spinal  cord  and  brain  destroyed.  Lungs  in  hyper- 
tonus. Upper  tracing,  left  lung;  lower,  right  lung;  a,  stimulation  of  right  vacua 
at  base  of  skull;  b,  stimulation  of  base  of  left  lung. 

Showing  identical  inhibitions  of  the  lung  tonus  by  v^ub  and  by  direct  lung 
(base)  stimulation. 
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Fig.  4.  Water  maDom«t«r  tracings  of  the  intrapulmonie  preMure  in  neetunu. 
Cannula  in  tip  of  Inng.  Spinal  cord  cut  and  destroyed  below  medulla,  lunga 
isolated  by  ventral  median  incision. 

A;  A  pithing  of  the  medulla  showing  a  tonus  rhythm  of  the  lunp  foUowias 
destruction  of  the  brain. 

B:  Lung  in  hypertonus  from  destruction  of  the  brain;  a,  direct  stimulation 
of  the  base  of  the  lung  with  a  weak  tetanising  current. 

Showing  primary  inhibition  of  lung  tonus  followed  by  a  tonus  rhythm. 


Fig.  5.  Water  manometer  tracings  of  the  intrapulmonie  pressure  ii 
Cannula  in  tip  of  lung.    Brain  and  spinal  cord  destroyed,  giving  the  lungs  per- 
manent hypertonus. 

A:  a,  injectionO.Scc.  adrenalin;  6,0.6  cc.  of  (1:1000)  adrenalin inSce. Ringer's 
into  heart.    Showing  inhibition  of  lung  tonus  by  adrenalin. 

B:  a,  injection  of  3  mgm.  nicotine  into  heart,  showing  inhibition  of  lung 
tonus  by  nicotine. 

C:  a,  injection  of  O.S  cc.  histamine  (1-1000)  into  heart  after  partial  recovery 
of  preparation  from  a  previous  injection  of  nicotine.  Showing  direct  stimulating 
action  of  histamine  on  lungs  after  paralysis  of  inhibitory  nerve  mechanism  by 
nicotine. 
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mechanism,  the  inhibition  of  the  hypertonic  state  of  the  lung  giving 
rise  to  the  appearance  of  a  rhythm. 

c.  Reflex  lung  amiraetiona  as  a  resuU  of  attaneoua  stimviaUon.  We 
have  been  unable  to  effect  reflex  contractions  of  the  lungs  of  the  necturus 
by  electrical  or  mechanical  stimulation  of  cutaneous  nerves  anterior 
to  the  spinal  transection. 

d.  The  actum  of  pituitrin,  hi^mine,  nicotine  and  adrenalin  on  the 
kypertomis  of  lung.  In  most  of  the  work  on  drugs  a  cannula  was  tied 
into  bulbus  arteriosus.  The  drug  was  dOuted  with  Ringer's  and  the 
injections  made  imder  moderate  pressure  through  the  bulbus.  The 
method  was  poor  even  under  favorable  conditionB.  Direct  intravenous 
injection  was  out  of  the  question  because  active  circulation  throuf^ 
the  lungs  was  absent  in  every  animal  although  heart  appeared  in  good 
condition.  Even  when  the  dn^;  was  injected  under  pressure  we  never 
felt  certain  that  it  reached  all  parts  of  the  lung.  This  was  due  partly 
to  the  peculiarity  of  the  pulmonary  circulation  in  this  animal  and  partly 
to  the  fact  that  a  good  deal  of  the  fluid  containing  the  drug  escaped 
from  the  vessels  ruptured  in  destroying  the  brain  and  isolating  the 
vagi. 

Adrenalin,  The  injection  of  adrenalin  caused  a  marked  inbitution 
of  the  hypertonic  lung  as  is  recorded  in  figure  5,  tracing  A,  at  a  and  b. 

Pituitrin.  According  to  the  conmionly  accepted  view,  pituitrin  is 
a  direct  stimulant  of  smooth  muscle  tissue.  We  were  somewhat  sur- 
prised to  find  that  this  drug  in  small  or  large  doaes  causes  a  prompt 
and  marked  inhibition.  Figure  6,  A,  is  a  record  taken  from  an  animal 
which  suffered  destruction  of  the  medulla  at  a  followed  hy  a  hypertonic 
state  which  was  maikedly  reduced  by  the  injection  of  pituitrin  at  b. 
The  slow  recovery  is  also  recorded.  No  attempt  was  made  to  deter- 
mine the  point  of  action  of  pituitrin.  Pituitrin  not  only  caused  a 
relaxation  of  the  lung;  but  when  weak  solutions  of  this  drug  were  used 
to  irrigate  the  intestines  all  intestinal  movements  ceased  after  a  short 
latent  period.  It  would  seem,  therefore,  that  in  these  ftnimnlH  pituitrin 
does  not  act  as  a  direct  muscular  stimulant  but  rather  as  a  stimulant 
of  the  inhibitory  mechanism. 

Hiatamine.  Figure  6,  B,  illustrates  at  c  the  typical  inhibitory  effect 
of  this  drug  in  an  animal  whose  lungs  were  in  hypertonus  as  a  result 
of  destruction  of  the  medulla  at  b.  Both  lungs  showed  pronounced 
relaxation  with  very  slow  recovery.  In  all  types  of  animals  other  than 
necturus  this  drug  causes  a  more  or  less  powerful  contraction  of  the 
lung  musculature  (turtle,  frog).    Necturus  proved  to  be  an  exception 
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to  the  generally  accepted  view  that  the  drug  supposedly  acts  as  a 
direct  muscular  stimulant.  The  results  obtained  surest  the  possibility 
that  the  drug  acts  primarily  on  the  inhibitory  mechanism.  We  there- 
fore attempted  to  eliminate  the  latter  by  means  of  nicotine.  As  a 
matter  of  fact  we  found  that  the  injection  of  histamine  after  previous 
nicotinization  effected  a  contraction  of  the  lung  in  every  instance  as  is 
recorded  graphically  in  figure  5,  C  at  a. 

Nicotine.  It  will  be  recalled  that  this  drug  acted  on  the  frog's  lung 
in  a  manner  similar  to  section  of  both  vagi.  We  furthermore  showed 
that  in  this  animal  the  drug  acted  by  paralyzing  the  inhibitory  center 
in  the  medulla  as  well  as  the  vagus  inhibitory  terminations  in  the  lungs; 
for  we  found  that  after  nicotinization  stimulation  of  the  peripheral 
end  of  the  vagus  gives  rise  to  a  lung  contraction  instead  of  the  inlubition 
seen  before  giving  this  drug. 

The  subcutaneous  or  deep  muscular  injections  of  la^  (5  to  10  mgm.) 
doses  into  the  normal  intact  necturus  is  in  15  minutes  followed  by 
general  clonic  convulsions  with  an  increase  in  the  rate  and  amplitude 
of  the  gill  movements.  Tetanus  of  the  gills  supervenes  and  active 
external  respu^tion  comes  to  an  end  some  time  before  the  general 

Fig.  8.  Water  manometer  tracings  of  the  intrapulmonic  preaaure  in  necturus. 
Cannula  in  tip  of  each  lung.  Spinal  cord  cut  and  destroyed  below  medulla. 
Longs  isolated  by  ventral  median  incision.  Glottis  and  tracheal  sac  closed  by 
mechanical  preraure  through  dorsal  traction  on  front  legs. 

A:  Upper  record,  left  lung;  lower,  right  lung;  a,  pithing  of  brain;  6,  injection 
afO.Scc.  pituitrin  infico.  of  Ringer's  solution  into  heart.  Showing  inhibition 
of  lung  hypertonus  by  pituitrin. 

B:  Upper  tracing,  left  lung;  lower,  right  lung;  a,  section  of  upper  mandible 
exposing  anterior  end  of  brain;  b,  pithing  of  brain;  c,  injection  of  0.7  cc.  hist^* 
mine  (1-1000)  in  5  cc.  Ringer's  solution  into  heart.  Showing  inhibition  of  lung 
hypertonus  by  histamine. 

Pig.  7.  AKolotl.  Water  manometer  tracings  of  the  intrapulmonic  pressure. 
Spinal  cord  pithed  and  destroyed  below  level  of  innervation  of  front  legs.  Lungs 
isolated  by  abdominal  incision;  cannula  in  tip  of  lungs.  Glottis  open.  Spon- 
taneous respiration  (quick  movements  of  lever)  except  where  indicated. 

A:  a,  Gentle  mechanical  stimulation  of  gills. 

6,  Cientle  mechanical  stimulation  of  skin  of  front  legs. 

e,  Gentle  mechanical  stimulation  of  skin  of  mandibles. 

d,  Strong  mechanical  stimulation  (pressure)  of  toes  of  front  leg. 

X,  strong  attempt  at  respiration  (swallowing). 

B:  a,  Moderate  mechanical  stimulation  of  the  gills. 

b,  Gentle  stroking  of  akin  of  front  leg. 

c,  Strong  mechanical  stimulation  of  the  gills. 

Showing  lung  contractions  following  spontaneous  respiratory  movements  and 
on  stimulation  of  various  sensory  nerves. 
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convulsions  cease.  The  lungs  of  such  animals  were  found  contracted. 
Pithing  the  brain,  stimukUion  of  the  vagi  themselves,  or  stimulation  of 
the  lung  itself  oi  ^  ^o^  <''«>*«  without  effect. 

If  the  dose  of  nicotine  injected  subcutaneousty  is  reduced  still  further 
(2.5  to  1  n^ro.)  the  same  symptoms  appear  in  10  to  15  minutes  but 
are  less  severe.  Pithing  of  the  brain  or  stimulation  of  the  vagi  is  again 
without  effect.  Direct  stimulation  of  the  lung  at  its  base  with  a  Btraog 
tetanizing  current  gives  rise  to  an  inhibition  of  the  lung  without  any 
or  with  but  feeble  return. 

From  these  results  it  would  appear  that  a,  the  lungs  of  this  amphibiao 
is  supplied  only  with  inhibitory  fibers  through  the  v^ ;  b,  that  nicotine 
paralyzes  the  respiratory  center  for  the  limgs  and  also  the  junction 
between  the  preganf^ionic  fiber  endings  and  post^an^onic  cell  body, 
since  external  respiration  ceases  with  the  lungs  in  hypertonus  and  since 
stimulatidn  of  the  base  of  the  lun^  will  still  yield  inhibition  frbea 
stimulation  of  the  vagus  nerve  itself  gives  nothing;  c,  the  vagus  nerve 
contains  no  motor  fibers  for  the  pulmonary  musculature.  Without 
commenting  at  this  tune  on  the  posaible  significance  of  this  fact,  we 
call  attention  to  the  fact  that  in  this  most  primitive  lung  which  we 
have  studied,  the  lung  is  solely  under  the  tonic  influence  of  inhibitory 
fibers  carried  by  the  vagi  and  motor  fibers  are  apparently  absent.  We 
have  been  imable  to  elicit  a  motor  response  of  the  lung  either  by  stimu- 
lation of  the  vagi  or  the  lung  itself  in  any  normal  or  nicotinized  animftl 

The  apparent  redstance  of  the  peripheral  lung  mechanism  to  this 
drug  compared  with  that  of  frog  may  possibly  be  due  to  the  rather 
sluggish  and  imperfect  circulation  through  the  lungs. 

£.  Axolotl.  EarUer  in  this  paper  we  called  attention  to  the  fact  that 
the  axolotls  with  which  we  worked,  although  possessing  gill  rrannaots, 
were  essentially  air-breathing  animals;  and  that  the  lungs  were  decidedly 
better  developed  for  that  purpose  than  the  lungs  of  the  necturus. 

a.  Lung  amtradions  at  the  end  of  normal  respiration.  Records  were 
taken  of  the  changes  in  the  intrapulmonic  pressure  occurring  during 
normal  respiration  with  the  glottis  open.  It  can  be  seen  frinn  figure 
7,  B,  that  every  spontaneous  respiratory  effort  (gulp)  as  indicated  in 
the  tracing  of  the  quick  movement  of  the  lever  is  followed  by  «»- 
traction  of  the  lung.  These  lung  contractions  compare  favorably  with 
those  obtained  under  similar  experimental  conditions  from  the  frog. 

b.  Reflex  lung  contractions.  Gentle  mechanical  stimulation  applied 
to  the  skin  of  the  mandible,  gills  or  front  legs  induced  lung  contractions 
of  reflex  oripn  as  is  seen  in  figure  7,  .^,  at  a,  6  and  c.     In  these  three 


,v  Google 


VISCERAL  SENSORY  NERVOUS   STBTEU  135 

ingtances  the  lung  contraction  appeared  without  a  preceding  attempt 
at  respiration.  Subsequent  attempts  at  respiration  were  followed  in 
each  instance  by  lung  contractions  in  every  way  amilar  to  those  of 
reflex  origin  induced  by  gentle  stimulation.  It  is  obvious  that  the  con- 
tractions are  not  the  result  of  changes  in  the  intrapulmonic  pressure 
due  to  movements  of  the  animal  during  external  respiration;  for  they 
occur  in  the  absence  of  all  visible  movement  of  the  head  region. 


Fig.  8.  Axolotl.  Water  manometer  tracings  of  the  intrapuhnonje  pressure. 
Spinal  cord  transected  below  medulla  and  pithed  posteriorly.  Cannula  in  tip 
of  lungs,  lungfl  isolated  by  median  at>di)minal  incision.  Glottis  closed  by  forceps. 
All  injections  intravenously  (in  2  cc.  Ringer  solution). 

A:  Lower  tracing,  right  lung;  upper,  left  lung. 

a,  Transection  of  upper  mandible  exposing  anterior  end  of  brain. 

b,  Pithed  brain. 

c,  Injection  of  1  cc.  1:10,000  adrenalin. 
B:  a.  Pithed  brain. 

b,  Injection  of  D.Dl  ce.  1:1000  histamine. 

e,  Injection  of  2  mgm.  nicotine. 

Showing  the  inhibitory  action  of  these  drugs  on  the  lung  hypertonus  follow- 
ing destruction  of  the  brain,  the  latter  being  equivalent  to  section  of  the  vagi 
nerves. 

Strong  mechanical  stimulation  of  the  fore  l^s  or  gills  may  lead  to 
partial  or  complete  opening  of  the  glottis  with  partial  or  complete 
collapse  of  the  lungs  as  is  illustrated  in  figure  7,  A,s,t  d,  and  figure  7,  B, 
at  a,  b  and  c.  Strong  attempts  at  respiration  after  marked  stimulation 
of  pain  fibers  as  at  xxx  in  figure  7,  A,  were  not  followed  by  the  filling 
of  the  lungs  until  considerably  later.  It  might  be  asamued  that  the 
stroi^  stimulation  interfered  temporarily  with  the  central  control  of 
the  mechanism  normally  at  the  service  of  the  animal  in  filling  its  lungs 
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with  air  or  depresees  the  ceotral  inhibitory  control  over  the  lungii. 
If  the  latter  is  the  correct  interpretation  the  animal  failed  to  fill  it< 
lungs  in  spite  of  violent  respiratory  attempts  because  of  their  hypertonio 
state.  Although  we  have  no  direct  evidence  on  this  matter  the  latter 
interpretation  seems  to  be  the  more  probable  one. 

e.  The  central  inhibitory  amirol  of  the  lungs  through  the  vagi.  It  is 
certain  that  in  the  axolotl  the  medullary  centers  exert,  under  normal 
conditions,  a  tonic  inhibitory  control  over  the  lungs  as  in  the  frog  and 
necturus;  for  as  a  result  of  the  destruction  of  the  medulla  which  is- 
equivalent  to  section  of  both  vagi  (aa  in  fig.  8,  ^,  at  b)  both  lungs  go 
into  a  state  of  hypertonus. 

d.  Action  of  certain  drugs  on  the  hypertonic  lurtgs.  AdreruUin.  This 
drug  temporarily  inhibits  the  hypertonus  of  the  lunga  resulting  from 
destruction  of  the  medulla  as  seen  in  figure  8,  A,  at  e. 

Histamine.  In  axolotl  the  intravenous  injection  of  1  mgm.  of  his- 
tamine-HCl  caused  inhibition  of  the  lung  musculattue  not  unlike  the 
action  of  this  drug  in  the  hypertonic  lung  of  necturus  (fig.  8,  B,  at  6). 

NiaOine.  The  invariable  effect  of  nicotine  on  the  hypertonic  limg 
of  the  axolotl  is  inhibition  (fig.  8,  B,  at  c). 

As  previously  noted  we  were  not  only  restricted  to  a  few  animals  is 
study  of  this  form  but  found  that  the  physiological  state  of  theanimab 
n^iidly  declined  as  the  result  of  our  operative  procedures.  The  axolotl 
furnishes  a  less  hardy  physiological  preparation  than  the  frog  or  necturus. 
As  far  as  our  results  go  they  check  with  those  obtained  from  the  frog 
and  necturus. 


1.  The  vagus  center  exerts  a  tonic  inhibitory  control  over  the  lungs. 
Destruction  of  the  medulla  releases  the  lung  from  this  control.  As 
a  result,  the  lungs  assume  a  state  of  more  or  less  permanent  hypertonus 
(necturus  and  axolotl). 

2.  Electrical  stimulation  of  the  peripheral  end  of  the  vagus  nerves 
causes  a  temporary  inhibition  of  the  hypertonic  state  of  the  lunga, 
only  on  the  side  of  stimulation,  during  and  for  some  time  after  the  stimu- 
lation (necturus  and  axolotl). 

3.  The  efferent  vagi  fibers  to  the  lungs  are  solely  of  the  inhibitory 
type.  We  have  never  seen  the  slightest  indication  of  a  motor  respcnse 
on  stimulation  of  these  nerves.  Unlike  the  frog,  the  vagi  of  these  foinu 
of  amphibian  life  possess  few  if  any  motor  fibers  for  the  lungs  (necturus 
and  axolotl). 
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4.  Electrical  atimulation  of  the  base  of  the  lung  yields  the  same  results 
aa  stimulation  of  the  peripheral  end  of  the  vagus  (nectunis  and  axolotl). 

5.  We  have  been  able  to  elicit  reflex  lung  contractions  from  gentle 
mechanical  stimulation  of  cutaneous  nerves  only  in  the  axolotl.  In- 
tense stimulation  of  sensory  nerves  (pain)  probably  prevents  filling  of 
the  lungs  during  attempts  at  respiration  because  of  a  hypertonic  con- 
dition of  the  lungs  due  to  an  inhibition  of  the  inhibitory  center. 

6.  There  may  appear  as  a  result  of  destruction  of  the  medulla  or 
strong  faradization  of  the  base  of  the  lung  a  tonus  rhythm  in  the  dener- 
vated  lungs  of  the  nectunis.    This  rhythm  has  not  been  seen  in  axolotl. 

7.  AdrenaUn,  pituitrin,  histamine  and  nicotine  cause  a  marked 
inhibition  of  the  hypertonic  condition  of  the  lungs  resultii^  from  the 
destruction  at  the  medulla.  Histamine  injected  into  the  fuiimal  after 
nicotine  causes  a  contraction  of  the  lung.  In  axolotl  these  drugs  act 
in  the  same  direction.  Pituitrin  was  not  used  in  this  form;  nor  was 
histamine  injected  after  nicotinization  of  the  animal. 
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During  a  study  of  the  effects  of  certain  typical  acids,  bases  and  salts 
upon  living  planarians  {Planaria  dorotocepkala,  P.  macidala  and  P. 
vdaia),  obaervationB  were  made  which  are  here  reported  on  account  of 
the  wider  interest  of  their  bearing  upon  tolerance  of  H'''  and  0H~  ions, 
upon  the  relative  efficiency  of  the  mechanism  for  regulation  of  neutrality 
in  young  and  old  individuals,  and  upon  the  problem  of  acidoaa  in 
general. 

Methods.  A  closely  graded  series  of  concentration  of  the  acids  (hy- 
drochloric chiefly,  also  sulfuric  and  acetic)  or  alkali  (sodium  hydronde) 
is  made  up  from  standardized  N  or  0.1  N  solutions  by  dilution  with 
aerated  well  water  or  other  (Lake  Michigan  or  Lake  Ontario)  water  in 
which  the  worms  live  and  thrive.  The  well  water,  which  was  used 
chiefly,  has  a  pH  value  of  7.5  to  7.6  and  an  ion  and  gas  content  to  be 
published  with  the  lai^r  study  above  mentioned.  Both  distilled  water 
and  strongly  chlorinated  tap-water  are  in  themselves  injurious  to  these 
worms  and  hence  could  not  well  be  used  for  the  purposes  of  these  ex- 
periments; but  similar  tests  are  now  being  made  with  P.  macuJida  in 
distilled  water,  this  species  being  but  little  affected  by  distilled  water 
in  the  period  of  time  required. 

Into  the  series  of  dilutions  of  an  acid  or  alkali  in  500  cc.  or  1000  cc. 
Erlenmeyer  flasks,  filled  and  ready  to  be  plugged  with  rubber  stoppere, 
are  introduced  the  flatwonns,  usually  ten  larger  (18  to  20  nmi.)  and 
ten  smaller  (8  to  12  nan.)  specimens  tc^ether,  all  selected  sound  from 
established  well-fed  cultures.  In  some  cases  a  similar  group  of  three 
easily  distinguishable  sizes  was  used  (22±  nmi.,  15±  mm.  and  8± 
mm.) .  In  control  flasks  all  such  individuals  live  practically  indefinitely. 
138 
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The  hydrogen  ion  concentrationa,  already  in  a  graded  serieB  from  the 
method  of  diluting  the  normal  solution,  are  measured  and  corrected  at 
critical  points  by  the  colorimetiic  method  with  appropriate  indicators: 
thymol-blue,  brom-phenol-blue,  methyl-red,  brom-cresol-purple,  phe- 
nol-red and  phenol-phthalein,  and  the  Hynson,  Westcott  and  Dunning 
apparatus  (1).  Certain  difficulties  were  encountered  from  the  fact  that 
glassware  requires  particularly  thorough  cleaning  after  each  usage,  and 
because  strong  acids  added  to  wat«r  containing  so  much  carbonate  as 
do  these  naturally  generate  CO]  and  such  solutions  tend  to  return  grad- 
ually toward  neutrality.  But  these  facts  have  no  great  significance  here 
except  as  they  render  impracticable  a  precisely  accurate  determination 
of  the  actual  limits  of  tolerance,  as  may  be  made  in  distilled  water  and 
by  electrometiy.  In  all  cases  it  was  the  relative  rather  than  the  abso- 
lute susceptibility  that  was  sought  and  that  is  here  emphasized. 

Extensive  physiological  studies  of  planarians  have  been  made  by  Child 
(2) ,  (3) ,  who  showed  for  P.  dorolocephala  by  various  means  that  the  small- 
est worms  (up  to  about  6  or  7  mm.)  consist  of  but  one  zooid,  while  the 
medium-sized  ones  (12  to  14  mm.)  usually  possess  a  second  zooid  region, 
and  lai^r  specimens  (20  to  2S  mm.  or  more)  exhibit  at  the  posterior 
end  a  third  zooid  or  group  of  very  small  zooids,  constituting  what  is 
essentially  a  "growing  tip."  At  least  the  chief,  the  second  and  the 
third  of  these  zooids  were  demonstrable  physiologically  by  both  "direct" 
and  "indirect"  methods  in  cyanides,  but  only  after  fission  do  the  typical 
head  structures  of  the  zodids  become  visibly  differentiated  morpholep- 
cally.  The  growing  tip  is  evidently  involved  repeatedly  tn  the  reproduc- 
tive process;  hence  as  this  region  grows  its  zooids  become  more  independ- 
ent and  acquire  a  higher  rate  of  metabolic  reaction  and,  like  young  indi- 
viduals, are  more  susceptible  to  high  concentrations  and  less  susceptible 
to  low  concentrations  of  lethal  agents  (KNC,  anesthetics,  etc.). 

Experimental.  The  chief  observations  are  recorded  and  summarized 
graphically  in  the  accompanying  %ure.  The  time  records  are  averages 
from  repeated  tests  made  of  each  dilution;  such  averages  for  separate 
tests  show  but  small  deviations  from  the  general  average,  but  individ- 
ual deviations  are  often  lat^e  and  overlapping  wherever  the  curves  lie 
close  together.  Dr.  C.  M.  Child,  to  whom  the  writer  is  indebted  for 
many  opportunities  and  suggestions  in  this  work,  has  recently  used 
these  experiments  as  part  of  a  class  course  at  the  University  of  Chicago. 

Aeida.  Immersed  in  HCI  solutions  that  kill  almost  instantly  (e.g., 
in  acidities  greater  than  about  pH  =  2)  all  worms  are  fixed  arid  pre- 
served intact  (range  of  preservation).    In  lower  concentrations,  from 
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pH  =  2  down  to  about  pH  =  4.5,  all  individuals  are  killed  and  caused 
t»  diaint^rate,  the  older  somewhat  later  and  more  slowly  than  the 
younger  (range  of  direct  susceptibility  and  inhibition).  In  this  disin- 
-tegration  all  regions  of  the  body  are  not  equally  and  simultaneously 
involved,  but  usually  the  posterior  tip  and  the  bead  are  first  attacked 


Fig.  1.  Time  in  houn  of  distioct  initial  diBinteBtation  of  young  worma 

-.-o o and  old  wonna x x in  solutions  of  different  pH 

values  (abscissae)  up  to  pH  —  10.  Small  numbers  below  abscieaae  indicate 
volumes  of  well  wdter  added  to  one  of  N  /lO  HCl  Oeft)  or  NaOH  (right). 

Below  pH  —  2  ±  is  the  range  of  preservation  or  fixation.  Then  foUom 
with  increaaing  dilution  up  to  pH  4.4  ±  the  range  of  distinct  direct  susceptibility 
which  grades  off  by  a  transition  range  into  the  range  of  acclimation  or  indirect 
susceptibility. 

With  NaOH  the  range  of  preservation  is  evidently  absent,  direct  auseeptibility 
differences  between  young  and  old  much  more  marked,  and  theindirect  suscepti- 
bility differences  less  marked  than  with  acids. 

and  then  the  regions  behind  the  head  in  order  from  in  front  backward; 
and,  as  mi^t  be  expected  from  the  small  differences  in  direct  suscepti- 
bility between  young  and  old,  the  anterior  end  of  a  second  zooid  is  not 
distinguished.  As  the  acidity  approaches  pH  =  4.5  or  pH  =  4.6,  the 
age  difference  in  survival  time  deceases  more  and  more  and  finally 
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becomes  nil,  and  disintegration  does  not  discriminate  between  the  small 
and  the  large.  In  still  more  dilute  solutions,  however  (pH  =  4.7  to 
4.0),  where  death  is  delayed  for  several  hours  and  a  certain  amount  of 
recovery  from  the  initial  inhibitory  efifects  of  the  agent  is  possible,  the 
rdative  susceptibility  of  young  and  old  individuals  is  reversed  (range  of 
indirect  susceptibility  and  acclimation),  and  smaller  worms  disintegrate 
last  or  not  at  all,  while  larger  ones  either  disintegrate  entirely  or  lose 
their  head  region.  Posterior  zooids  are  left  intact,  and  the  posterior 
part  of  the  first  zo&id  was  never  seen  to  disinte^ate  before  the  anterior 
end.  Often  the  young  worms  hve  for  days  or  indefinitely  after  the  old 
are  partially  or  wholly  gone.  Recovery  teste,  made  by  returning  young 
and  old  alike  to  fresh  water  after  various  periods  of  exposure  to  the 
agent,  are  even  more  delicate  in  their  indication  of  the  sites  and  degrees 
of  injury,  and  were  used  to  extend  and  confirm  the  results  obtfuned  by 
leaving  the  animals  in  the  agent  up  to  the  end  of  the  experiment. 

A  more  or  less  definite  sequence  of  changes  leads  up  to  the  final  dis- 
integration with  acids.  After  the  initial  stimulation,  during  which  the 
flatworm  assumes  for  a  time  a  slender  form,  moves  rapidly  and  secretes 
some  mucus,  it  gradually  loses  its  power  of  adherence  to  the  glass  walls 
of  the  container  and  becomes  shortened,  cylindrical  and  swollen.  This 
state  is  soon  followed  by  discoloration  or  whitening,  the  loss  of  color 
occurring,  as  noted,  first  at  the  sensory  tip,  margins  and  ventral  sur- 
face of  the  head  and  gradually  extending  backwards,  often  more  rap- 
idly on  the  ventral  surface,  and  in  larger  individuals  beginning  early 
f^so  at  the  growing  tip.  The  whitening  appears  to  indicate  that  semi- 
permeability  or  some  similar  property  of  the  surface  layer  has  been 
abolished  at  the  approach  of  death,  for  following  close  upon  the  loss  of 
p^ment  occur  disintegrative  changes  of  a  characteristic  kind:  as  the 
parts  become  sticky  and  adherent  to  glass  the  reguliuity  of  the  external 
contour  is  interrupted  by  small  breaks  in  the  continuity  of  the  surface, 
the  protoplasmic  granules  swell  and  mass  into  small  clumps  or  hquid 
spheres  and  scatter  out  into  the  medimn  until  finally  little  remains  of 
the  old  body  but  a  soft  white  shreddy  outline  composed  of  the  more 
resistant  connective  and  supporting  tissues  quite  stripped  of  all  the 
relatively  susceptible  epithelial  parts. 

Results  differ  in  no  essential  way  if  sulfuric  acid  in  slightly  higher 
concentrations  be  substituted  for  the  hydrochloric,  or  if  a  considerably 
greater'  strength  of  acetic  acid  be  used — the  difference  probably  being 
necessary  to  compensate  for  the  lesser  dissociation  of  the  oiganic  acid. 
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A  change  of  response  occurs  upon  addition  of  acid  to  the  Domul 
medium.  The  planarians  then  exhibit  a  fairly  strong  negative  geo- 
tropism,  climbing  always  up  the  walla  of  the  contsiner,  whether  in  doing 
so  they  approach  or  attain  a  surface  or  not.  Since  strong  acids  cause  a 
release  of  COi  into  the  solution,  the  response  may  perhaps  be  consid- 
ered generally  appropriate  and  adaptive,  inasmuch  as  ordinarily  an 
increase  of  COi  is  doubtless  associated  with  an  insufficiency  (tf  oxygen  (to 
which  a  similar  response  is  made)  and  both  could  doubtless  be  avoided 
by  rising  to  a  better  aerated  surface  layer. 

Alkali.  In  alkaline  solutions  the  same  general  results  are  obtained 
with  certain  more  or  less  significant  modifications.  In  the  hydroxide 
(NaOH)  stimulation  is  evidently  more  marked  than  in  acids,  and  both 
whole  worms  and  surviving  parts  of  any  size  are  more  active  both  spon- 
taneously and  upon  mechanical  stimulation  up  to  the  very  point  of 
death.  Alkalies  also  cause  the  secretion  of  a  very  excessive  amount  of 
mucus,  which  collects,  as  often  as  removed,  in  the  bottom  of  the  vessel. 

E>ven  quickly  killing  concentrations  do  not  produce  a  definite  fixation 
and  preservation.  Disintegration,  if  rapid,  occurs,  by  a  rather  violent 
process  of  splitting  and  bursting  of  the  dorsal  surface  in  darkened  lines; 
if  slow,  it  begins  at  the  margins  and  dorsal  surfaces  of  the  head  and  the 
posterior  tip,  and  in  larger  specimens  may  also  appear  at  what  is  pre- 
sumably the  anterior  end  of  the  second  zo&id. 

Results  with  NaOH  differ  from  those  with  HCI  and  resemble  more 
nearly  those  with  KNC  in  one  respect — in  the  slowly  acting  concen- 
trations, allowing  partial  acclimation  of  the  loi^r  animals,  death  some- 
times begins  at  the  posterior  end  of  the  first  zodid  and  proceeds  forward, 
while  the  head  region  of  the  first  zooid  and  all  of  the  posterior  zooids 
remain  intact  for  some  time  or  indefinitely.  In  short  the  details  of 
disint^p*ation  with  this  alkaline  agent  resemble  those  with  most  "odd 
dyes,"  while  "basic  vital  dyes"  rather  resemble  acids  in  their  effect 
(unpublished  work). 

By  the  method  of  direct  susceptibility  there  is  much  greater  differ- 
ence in  survival  time  of  young  and  old  with  NaOH  than  with  HCI,  the 
old  surviving  about  twice  as  long  as  the  young.  The  effective  range  of 
concentrations  for  indirect  susceptibility,  on  the  other  hand,  is  less 
extended  than  with  acids. 

It  will  be  noted  that  the  range  of  critical  concentrations,  within 
which  young  animals  and  young  parts  only  are  able  to  regulate  slight 
H'''  ion  alterations,  is  a  comparatively  limited  one  and  lies  just  beyond 
the  limits  resisted  by  all  alike.    Thus  increase  of  H'*'  ion  up  to  pH  » 
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4.9  on  the  one  side  or  of  0H~  ion  to  about  pH  =  9.1  on  the  other  come 
within  the  nonnal  range  for  all  members  of  the  species;  alight  additional 
changes  (from  pH  =  4.9  to  pH  =  4.8  or  4.7  and  from  pH  =  9.1  to 
pH  =  9.2  or  9.3)  can  be  met  by  the  young  individuals  and  parts  alone; 
still  greater  changes  are  beyond  the  powers  of  acclimation  of  any, 
though  the  old  resist  the  longer. 

The  greater  tolerance  by  younger  planarians  and  the  posterior  zodid 
region  of  such  dilute  acid  and  alkaline  solutions  is  almost  certainly  only 
another  example  of  the  greater  power  of  acchmation  to  mildly  depress- 
ing conditions  associated  so  genetally  with  more  active  metabolism  (3). 
In  fact  the  general  principle  underlying  the  indirect  susceptibility 
method  is  founded  on  the  discovery  that  organisms  or  parts  of  organ- 
isms possessing  an  intenser  metabolism  can  acclimate  or  acquire  toler- 
ance more  quickly  and  more  completely  than  less  active  organisms  or 
parts  to  low  concentrations  of  cy^des,  narcotics,  etc.  Child  also 
showed  later  that  the  anterior,  ventral  and  median  regions  (the  r^ons 
of  hi^  direct  susceptibility  and  presumably  of  most  rapid  metabolism) 
in  Echinoderm  and  Annelid  embryos,  developing  in  low  concentrations 
of  NsOH,  alcohol  or  HCl  in  sea-water,  acclimated  or  acquired  tolerance, 
or  after  temporary  exposure  recovered  most  quickly  and  underwent  a 
proportionately  accelerated  and  increased  development  in  the  larvae  (4). 

The  explanation  of  this  power  of  acclimation  is  not  known,  but  may 
be  in  some  way  associated,  as  regards  acids  and  alkalies,  with  differences 
in  protoplasmic  conditions,  such  as  the  higher  percentage  water  content 
of  metabohcally  active  parts  or  individuals.  If  this  water  carries,  as 
seems  probable,  at  least  an  equal  proportional  and  a  greater  total  salt 
content,  such  inoi^anic  salts  of  these  as  are  buffer-acting  substances 
(carbonates,  phosphates,  etc.)  would  act  here  much  as  in  mammalian 
blood,  to  increase  resistance  to  additional  H+  and  OH-  ions  in  the 
medium.  Or,  if  a  greater  proportion  of  mid-iwoducts  of  protein  metab- 
olism, or  more  ionized  protein,  be  present  during  rapid  metabolism,  then 
these  unphoteric  substances  may  serve  as  acids  or  bases  according  as 
there  are  excess  bases  or  acids  in  the  medium.  Naturally  such  buffers 
and  metabolites  would  be  protective  only  against  slightly  and  slowly 
injurious  concentrations;  with  higher  concentrations  the  projective 
action  is  quickly  overcome  and  the  agent  may  diffuse  and  act  most 
rapidly  in  the  parts  with  greatest  water  content. 

The  acid  or  alkali  effects  may  of  course  be  produced  through  injury 
to  some  enzyme  or  enzymes  essential  to  continuance  of  metabolic  proc- 
esses.   Inasmuch  as  the  almost  ^universally  occurrii^  enzyme,  cata- 
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lose,  may  eventually  be  shown  to  play  some  rAle  in  metabolism  generally 
and  in  oxidation  in  particular  (5),  the  writer  wisheB  to  record  here  the 
results  obtained  from  numerous  experiments  to  determine  the  cstalase 
content  or  activity  of  planarians  of  different  ages.  It  was  found  that 
equal  weights  of  crushed  young  worms  (8  to  15mm.),maturerwonnB 
(18  to  20  mm.),  and  of  very  old  wonns  (25  to  30  nun.)  hberated  in  15 
minutes  at  22°C.  from  1^  per  cent  imneutralized  hydrogen  peroxide  the 
following  quantities  of  oxygen  respectively  per  gram  weight  of  tissue: 
653.3  cc,  460.4  cc.  and  317.6  cc.  Without  a  single  exception,  in  many 
repetitions  of  the  experiment,  the  rule  was  found  to  hold  that  the  larger 
(older)  the  worm  the  lower  is  the  catalase  content.  It  is  of  interest  to  note 
that  the  oxygen  consumption  of  young  planarians  has  been  found  to 
be  from  15  per  cent  to  100  per  cent  greater  than  that  of  old  ones  (6), 
showing  a  h^her  basal  metabolism,  just  as  the  Benedict  method  does 
for  man. 

Some  significance  should  be  attached  to  the  fact  that  though  there 
are  such  large  differences  in  direct  susceptibility  of  young  and  old  with 
alkalies,  these  differences  are  small  with  acida;  while,  on  the  contrary, 
though  the  differences  by  indirect  susceptibility  are  small  with  alkalies, 
they  are  larger  with  acids.  The  young  are  evidently  comparatively  and 
absolitiely  less  resiBtant  to  alkalies,  but  relatively  more  resistant  to  adds. 
With  advancing  age  there  would  appear  to  be  a  decreased  relative  resist- 
ance to  acids  and  an  increased  relative  resistance  to  alkalies — a  set  of 
changes  such  as  would  result  from  a  gradual  onset  of  a  state  of  acidoeis 
and  the  more  or  less  incomplete  oxidation  of  the  larger-acid  products 
left  from  a  state  of  lowered  metabolism.  MacKider  (7)  has  shown 
that  as  age  advances  the  acid-base  equilibrium  of  mftmrnftlft  is  more  sod 
more  easily  disturi>ed  or  overtaxed ;  that  uranium  nitrate,  for  instance, 
is  more  toxic  to  the  old  than  to  the  young  and  produces  sooner  in  the 
old  a  condition  of  true  acidosis  (8),  characterized  by  a  depletion  of  re- 
serve cfu-bonates  in  the  blood,  etc.;  and  that  the  agedj  after  uraniiun 
treatment,  recdved  intravenoualy  without  injury  considerably  more 
alkali  than  did  the  young. 

For  all  the  species  used  by  Child  (4)  in  controlling  form  and  propor^ 
tions  of  derelopii^  embryos,  be  found  that  "  the  agents  which  are  most 
effective  in  producing  the  differentially  inhibited  type  of  form  are  least 
effective  in  producing  the  types  of  form  characteristic  of  differential 
acclimation,  and  vice  versa,"  his  series  being  effective  in  producing  ac- 
cHmation  types  in  the  order:  HCl,  alcohol,  NaOH,  NH4OH,  KNC. 
Thus  acclimation  was  rapid  in  acids  and  alcohol,  slow  in  NaOH  and 
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NH4OH,  and  exceedingly  alow  in  KNC.  A  similar  contrasting  physi- 
ological effect  between  HCl  and  NaOH  is  here  shown  by  other  means 
for  freab-water  planarians. 

Comparing  allied  species  with  P,  dorotoeephala  it  may  be  said  that 
in  general  P.  maeul(aa  has  a  slightly  wider  range  of  normal  tolerance, 
while  P.  velata  is  distinctly  less  resistant  to  acids  and  more  resistant  to 


SUUHAKT   AKD   CONCLCSIONS 

1.  Planaria  dorotoeephala  of  all  ages  used  tolerate  HCl  up  to  about 
pH  4.9  and  NaOH  up  to  about  pH  9.2  in  the  well  water  (pH  =  7.5  to 
7.6)  in  which  they  live,  i.e.,  they  tolerate  a  range  of  pH  from  4.9±  to 
about  9.2±. 

2.  Smaller,  physiologically  younger,  individuals  are  on  the  average 
tolerant  of  a  shghtly  wider  range  of  hydrogen  ion  concentration  (from 
pH  =  4.7  to  pH  =  9.3)  than  are  larger,  physiologicaUy  older  individu- 
als, this  difference  of  susceptibility  being  apparently  somewhat  greater 
on  the  acid  than  on  the  alkaline  side  of  neutrahty.  The  young  possess 
a  greater  power  of  neutrality-regulation  than  do  the  old,  explanatory 
suggestions  for  which  are  offered. 

3.  In  concentrations  of  alkali  which  kill  within  a  few  hout«  suscep- 
tibility is  reversed  in  relation  to  age,  the  young  being  very  much  more 
susceptible  than  the  old.  In  similar  concentrations  of  the  acids  young 
specimens  are  likewise  on  the  average  more  susceptible,  but  only  slightly 
more  so.  In  other  words,  high  concentrations  of  0H~  tend  to  increase 
and  high  concentrations  of  H+  tend  to  diminish  differences  in  direct 
susceptibility  between  yoimg  and  old  individuals.  This  su^^ests  a 
possible  increasing  average  acidity  with  senescence  and  decreasing 
metabolism. 

4.  Young  planarians  have  about  double  the  catalase  content  of  old 
planarians  per  gram  weight  of  tissue. 

5.  In  acid  solutions  liberating  COt,  in  which  worms  live  for  some  time, 
they  commonly  assume,  as  in  conditions  of  oxygen  deficiency,  a  negar 
tive  geotropism  of  an  obviously  adaptive  nature  as  a  normal  means  of 
escape  from  excess  COj. 

6.  These  facts  indicate  the  necesmty  of  taking  into  account  the  factors 
of  age,  size  and  metabolism  in  defining  range  of  tolerance  to  agents  and 
conditions. 
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These  studies  were  undertaken  to  ascertain  whether  or  not  the 
alkaline  reserve  of  the  blood  of  the  insane  shows  any  significant  differ- 
ences from  that  found  in  the  blood  of  normal  individuals,  and  whether 
or  not  the  blood  of  the  various  types  of  insanity  studied  vary  one  from 
the  other  in  their  carbon  dioxide  combining  capacity.  During  the 
course  of  the  investigation  certain  other  material  was  obtained  which 
will  be  briefly  discussed. 

The  subjects  of  these  studies  were  patients  at  the  Pennsylvania 
Hospital,  Department  for  Mental  and  Nervous  Diseases,  Philadelphia. 

Since  Van  Slyke,  Stillman  and  Cullen  (1)  have  shown  that  a  sUght 
rise  in  plasma  carbon  dioxide  tension  usually  follows  eating,  the  samples 
of  blood  to  be  analyzed  were  taken  at  the  uniform  hour  of  eleven  o'clock 
in  the  morning,  three  and  a  half  hours  after  breakfast,  unless  otherwise 
noted.  The  blood  specimens  were  drawn  from  an  arm  vein  with  a 
Record  syringe  containing  a  small  amount  of  potassium  oxalate.  Care 
was  taken  to  avoid  the  sucking  in  of  air.  After  filling  the  syringe  the 
point  of  the  needle  was  plunged  under  paraffin  oil  contained  in  a  small 
test  tube  and  2  cc.  of  blood  expressed  and  centrifuged.  The  plasma 
was  then  pipetted  off  and  the  carbon  dioxide  capacity  determined  as 
described  by  Van  Slyke  (2),  and  Van  Slyke  and  Cullen  (3).  The  deter- 
mination was  carried  out  two  or  three  times  on  one  and  the  same  sample 
and  the  average  adopted  as  the  result. 

A  general  compariaon  of  the  fiiuiinga  obtained  from  excited  and  depressed 
cases.  It  is  well  known  that  not  only  mechanical  but  also  psychic 
activities  have  great  influence  upon  respiratory  and  circulatory  func- 
tions (1),  and  that  the  alveolar  carbon  dioxide  tension  under  ideal 
normal  conditions  indicates  the  level  of  the  blood  bicarbonate,  but 
since  the  alveolar  carbon  dioxide  tension  is  altered  by  numerous  factors, 
psychic,  physioli^cat  and  pathological  (4),  it  is  not  a  reliable  measure 
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of  the  blood  bicarbonate  except  when  it  is  certain  that  both  the  mechan- 
ical  and  nervous  factors  controlling  respiration  are  nonnat. 

With  these  facts  in  view  an  attempt  was  made  to  determine  whether 
or  not  any  relation  existed  between  the  plasma  carbonate  and  conditions 
of  excitement  and  depression.  The  fifcures  in  table  1  give  the  plasma 
COi  capacity  in  twelve  cases  classed  as  depressed  and  ten  individuals 
exhibiting  excitement. 

It  will  be  seen  that  in  general  tenns  all  the  values  fall  within  nonnal 
limits  and  that  no  sigmficant  differences  can  be  observed  between  the 
two  groups.    The  mere  fact  that  no  differences  occur  in  these  two  groups 


The  alkaline  reserve  of  the  blood  of  the  exeiled  and  depretted  intane 

Cubic  centimeters  of  GO]  reduced  to  0*,  760  mm.  bound  as  bicarbonate  ii 

100  cc.  plasma 
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60.20 

fi9.74 
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J».68 
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OT.39 

4S.M 

56.04 

52.06 

SI. IS 

Average 59.28 

61.05 

of  patients  permits  the  suppositioa  that  in  long-continued  excitations 
a  compensatory  reaction  occurs  sufScient  to  preserve  the  normal  levd 
of  the  alkaline  reserve  of  the  blood,  which  one  would  naturally  suppose 
to  be  lowered  by  ctmsequenoe  of  the  increased  activity. 

The  alkaline  reserve  of  the  Uood  during  individwd  changes  in  menbd 
condition.  A  confirmation  of  the  general  findings  that  no  evident 
differences  are  to  be  found  in  the  alkaline  reserve  of  the  blood  of  excited 
or  depressed  insane  patients  is  afforded  by  the  figures  given  in  table  2. 
These  results  represent  the  analyses  of  the  bloods  from  single  individuals 
at  frequent  intervals  over  periods  of  Beveral  weeks  during  which  there 
occurred  a  marked  change  in  mentaJ  condition  with  respect  to  exdte- 
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ment  and  relative  depression.  It  is  seen  that  in  these  cases  at  least 
there  failed  to  occur  any  consistent  change  in  the  alkaline  reserve  of 
the  blood  accompanying  the  change  from  excitement  to  depression  or 
vice  versa.  The  four  individuals  studied  were  all  diagnosed  as  dementia 
precox  cases. 

The  variability  of  the  alkaliTie  reserve  of  the  blood  of  the  insane  from  week 
to  toeek.  During  the  course  of  these  investigations  opportunity  was 
afforded  to  determine  the  degree  to  which  the  alkaline  reserve  of  the 
blood  varies  in  the  individual  from  week  to  week  in  cases  where  the 
general  trend  of  mental  condition  was  uniform. 

The  results  are  given  in  table  3.  The  variability  is  given  by  the  value 
for  the  average  deviation  calculated  for  each  individual.  An  inspection 
of  the  table  shows  that  although  the  absolute  amounts  all  fall  within 
normal  limits  and  no  significant  differences  occur,  yet  there  are  differ- 
ences in  the  degree  of  variability  to  be  observed  in  different  individuals. 
These  differences,  however,  cannot  be  evaluated  since  the  data  are 
insufficient. 

Table  4  is  a  compilation  of  the  analyses  obtained  from  112  bloods 
from  51  individuals  arranged  in  the  order  of  their  descending  value. 
The  figures  represent  the  cubic  centimeters  of  COj  reduced  to  0°,  760 
mm.  bound  as  bicarbonate  by  100  cc.  plasma.  It  is  seen  that  the 
absolute  amounts  do  not  exceed  the  limits  usually  attributed  to  normal 
bloods  save  at  the  extremes.  The  main  fact  of  interest  lies  in  the 
relatively  low  variability  of  this  blood  factor  which  is  comparable  with 
that  obtained  for  the  average  deviation  of  the  blood  creatinine  nitrogen 
in  similar  patients  (5). 

In  table  5  there  have  been  arranged  the  values  representing  the 
average  amounts,  the  average  deviation,  and  the  range  of  fluctuation 
of  the  alkahne  reserve  of  the  blood  according  to  diagnosis.  From  the 
data  it  is  evident  that  no  significant  differences  obtain  in  the  absolute 
amounts  of  the  alkaline  reserve  of  the  blood  in  the  different  types  here 
studied.  It  should  be  noted,  however,  that  there  is  a  tendency  for 
the  variability  of  this  blood  factor  to  be  greater  in  the  mentally  dis- 
turbed than  in  normal  individuals. 

The  alkaliTie  reserve  of  the  Mood  taken  three  and  a  half  and  fourteen 
hours  after  eating.  Since  it  is  often  inconvenient  to  take  samples  of 
blood  early  in  the  morning  and  before  breakfast  a  comparison  was  made 
of  the  alkaline  reserve  of  the  blood  taken  three  and  a  half  hours  after 
breakfast,  and  fourteen  hours  after  the  night  meal.  The  data  are  given 
in  table  3. 
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Seta  number  7-8-9  are  the  values  obtaiDed  after  the  shorter  fast,  and 
sets  10-11-12  those  found  after  the  longer  period  of  abstinence  in  the 
eame  individuals  respectively.  The  investigation  extended  over  eight 
weeks,  the  first  four  weeks  of  which  being  the  period  when  the  blood 
specimens  were  taken  once  a  week  after  breakfast,  and  the  second  four 
weeks  being  the  period  when  the  samples  were  taken  before  breakfast. 
It  is  evident  that  there  are  no  valid  or  consistent  differences  in  the 
bloods  taken  at  these  times. 


The  results  of  the  studies  here  reported  indicate  that; 

1.  The  alkaline  reserve  of  the  blood  of  the  insane  appears  to  fall 
within  the  hmits  considered  normal  for  healthy  persons. 

2.  There  are  no  demonstrable  differences  in  the  absolute  amounts  of 
the  alkaline  reserve  of  the  bloods  from  excited  or  depressed  patients 
here  studied. 

3.  The  variability  of  the  plasma  carbon  dioxide  combining  capacity 
seems  to  be  higher  in  the  insane  than  in  the  small  group  of  normals 
here  studied. 

4.  No  noteworthy  differences  obtain  in  the  alkaline  reserve  of  the 
blood  taken  three  and  a  half  and  fourteen  hours  after  eating. 

I  take  this  occasion  to  express  my  appreciation  of  the  courtesy  of 
Dr.  Owen  Copp  in  affording  me  the  facilities  of  the  Pennsylvania 
Hospital,  Department  of  Nervous  and  Mental  Diseases.  The  work 
was  canJed  on  under  the  direction  of  Dr.  Frederick  S.  Hammctt,  for 
whose  help  and  advice  I  am  deeply  grateful. 
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Sherrington  (1)  in  1915  called  our  attention  to  the  reflex  postural 
activity  of  muscle  and  nerve  as  beii^  the  main  outcome  of  the  function- 
ing of  the  proprioceptive  part,  of  the  nervous  system  for  at  least  the 
skeletal  muscle.  He  pointed  out  that  the  muscle  fiber  possessed  the 
property  of  exhibiting  different  lengths  while  exhibiting  one  and  the 
same  degree  of  tension,  and  that  it  was  not  to  be  regarded  as  an  elastic 
band.  Furthermore,  he  believes  that  unstriated  muscle,  like  skeletal 
muscle,  possesses  the  same  properties  as  is  shown  by  the  ease  with 
which  the  hollow  visceral  oi^ans,  like  the  bladder  and  stomach,  adapt 
their  size  to  the  volume  of  their  contents  and  with  very  little  alteration 
in  their  intravesical  pressure.  Under  these  conditions,  visceral  tonus 
is  therefore  postural  configuration.  In  confirmation  of  this  Hurst 
(2)  found  that  the  relaxation  of  the  rectum  was  analogous  to  what 
Sherrington  described  as  the  "lengthening  reaction"  of  the  "postural 
tone"  in  the  skeletal  muscles  and  in  the  bladder,  and  which  he  at  an 
earlier  date  had  described  in  connection  with  the  stomach  and  intestine, 
althoi^h  he  had  not  actually  used  the  expression  "visceral  tone."  In 
case  of  the  skeletal  muscle  the  refiex  postural  action  depends  normally 
upon  the  afferent  nerve  of  the  posturing  muscle  itself,  while  in  the  un- 
striated muscle  it  is  far  less  dependent  on  the  central  nervous  system 
for  its  adjustment  and  maintenance. 

More  recently  Grey  (3)  has  shown  by  slowly  filling  the  empty  viscus 
with  warm  physiological  saline  solution  and  reeordii^  the  fluctuations 
in  the  intragastric  pressure  that  the  normal  stomach  in  rabbits  and 

'  A  preliminary  report  of  tbia  work  was  made  before  the  1919  meeting  of  the 
American  Physiological  Society  at  Baltimore,  a  brief  abstract  of  which  wu 
publiabed  in  the  Proceedings  of  that  society. 
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cats  is  capable  of  adapting  its  ate  to  the  volume  of  its  coDteDt«  with 
very  small  changes  Id  the  intragastric  pressure.  According  to  this 
investigator,  the  mechanism  involved  in  the  postural  configuration  of 
the  stomach  is  situated  in  the  wall  of  the  viscus  itself  and  concerns 
solely  its  musculature  together  with  its  intrinsic  aervous  mechanism, 
while  the  extrinsic  nerves  exhibit  no  direct  influence,  but  serve  rather 
to  regulate  the  tension  of  the  stomach  wall. 

The  experiments  summarized  in  this  report  were  undertaken  with 
the  view  of  securing  further  data  on  the  gastric  tonus  (postural  activity 
— Sherrington,  Huist,  Grey)  of  the  neuro-muscular  apparatus  as  ap- 
plied to  the  empty  stomach.  While  the  tenn  "postural  activity"  is 
very  applicable  to  the  skeletal  musculature  it  appears  to  me  that  it 
is  not  well  suited  for  the  unstriated  musculature  which  makes  up  the 
larger  portion  of  the  walls  of  the  hollow  visceral  oi^ms,  therefore  the 
older  and  simpler  torminology  of  gastric  tonus  will  be  used  throughout 
this  paper.  The  results  tend  to  show  that  the  extrinsic  nerves  exert 
a  partial  influence  on  the  tonal  activity  of  the  stomach  viscus,  aa  wdl 
as  serving  to  modify  and  regulate  the  gastric  activity  at  least  in  tbe 
frog.  This  animal  is  particularly  adapted  for  such  a  study  for  it  has 
been  shown  in  a  previous  paper  (4)  of  this  series  that  the  gastric  htmger 
contractions  show  no  periodicity  and  no  appreciable  change  in  gastric 
tonus,  both  features  of  which  are  present  in  the  higher  animals.  In 
contradistinction  to  the  higher  animals,  the  contractions  are  practically 
continuous  with  scarcely  any  distinction  between  the  digestive  peri- 
stalsis and  the  hunger  movements. 

Among  the  first  to  make  observations  upon  the  intomal  pressure  of 
the  hollow  visceral  organs  were  Mosso  and  Pellacani  (5)  who  investi- 
gated the  bladder  in  man  and  in  the  dog.  These  authors  found  that 
the  bladder  is  capable  of  adjusting  its  cavity-volume  to  different  quan- 
tities of  content,  which  it  enfolds  with  about  the  same  li^t  tension 
of  grasp  whether  the  viscus  ia  nearly  empty  or  well  filled.  S(Hnewhat 
similar  observations  have  been  made  upon  the  fundic  portion  of  the 
stomach.  Ketling  (6)  found  that  within  certain  limits  the  intragastric 
pressure  remained  unaffected  by  the  quantity  of  fluid  within  the  viscus 
and  that  the  intra-abdominal  pressure  altered  very  Uttle  in  the  dog 
before  and  after  the  taking  of  a  copious  meal,  although  the  intake  of 
the  volimie  of  food  might  amount  to  50  per  cent  of  the  total  contents 
of  the  abdomeh  in  the  fasting  condition.  He  infers  from  these  latter 
observations  that  the  additional  volimie  of  contents  must  be  acctHn- 
modsted  for  by  a  reflex  adjustment  of  the  postural  contraction  of  tbe 
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abdominal  musclee.  Pike  and  Coombe  (7)  in  confinaation  of  the  above 
have  reported  that  the  introduction  of  fluid  into  the  stomach  or  into 
the  peritoneal  cavity  of  cats  causes  lengtheziing  of  the  rectus  abdominis 
muscle  while  the  flow  of  fluid  out  of  the  stomach  causes  a  shortening 
of  the  same  muscle.  These  changes  in  the  length  of  the  muscle  are 
snail  and  do  not  occur  if  the  posterior  roots  of  the  spinal  nerves  supply- 
ing the  muscle  have  been  cut,  or  if  the  spinal  cord  has  been  transected 
at  the  level  of  the  lower  cervical  roots.  The  section  of  both  vagi  has 
no  marked  effect  on  the  response  of  the  muscle.  The  authors  regard 
the  change  in  the  length  of  the  muscle  corresponding  to  the  increase 
or  decrease  in  volume  of  the  contents  of  the  abdominal  cavity  as  a 
reflex  process  dependent  upon  afferent  impulses  which  falls  into  hne 
with  other  known  instances  of  postural  activity  of  muscle  and  nerve. 
The  observations  of  Sick  and  Tedesko  (8)  and  others  have  shown  that 
the  gradual  filling  of  a  cat's  stomach  is  not  accompanied  by  a  rise  in 
intragastric  pressure  and  that  the  excised  stomach,  kept  alive  in  a  bath 
of  warm  oxygenated  Ringer's  solution  also  exhibits  the  same  phenom- 
enon to  an  unmistakable  extent. 

Cannon  and  Lieb  (9)  have  also  brought  forth  evidence  that  each 
passing  of  the  cardia  by  swallowed  food  is  accompanied  by  a  rapid 
small  dilatation  of  the  fundus,  and  that  this  dilatation  is  a  reflex  oper- 
ated through  the  vagus.  Rogers  (10)  has  reported  that  central  stimu- 
lation of  one  vagus  nerve  with  the  opposite  nerve  intact  in  tbe 
decerebrate  dog  and  after  complete  splanchnic  section  leads  to  reflex 
spasmodic  contractions  of  the  entire  stomach  and  increased  gastric  tone. 
Therefore  it  would  appear  that  the  adaptability  of  the  normal  stomach 
at  all  times  is  a  form  of  receptive  expression  brought  about  by  changes 
ID  the  intragastric  pressure  as  the  volume  of  its  contents  slowly  increases 
or  decreases. 

Experimental  procedure.  The  same  general  method  of  experimenta- 
tion was  used  in  the  following  experiments  on  the  bullfr<^  (Rana 
catesbiana)  as  that  described  in  the  preceding  paper  (11)  of  this  series, 
with  the  exception  that  the  gastric  balloon  was  inflated  with  a  known 
quantity  of  lur  by  means  of  a  graduated  glass  syringe  sufficient  to 
maintain  a  constant  pressure  of  2  cm.  in  the  water  manometer  and 
the  number  of  cubic  centimeters  of  lur  necessary  in  the  different 
experiments  to  produce  this  constant  pressure  was  recorded.  Normal 
contractions  of  the  empty  stomach  were  obtained  from  each  ani- 
mal, extending  over  a  period  of  several  days,  and  then  these  ftnimftlw 
were  either  vagotomized,  splanchnetomized  or  vago-splanchnetomized 
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(section  of  both  sets  of  nerves)  and  the  respective  observations  repeated 
over  a  period  of  from  two  to  three  weeks  and  compared  witb  the  normal. 
The  recorded  tracings  were  taken  on  a  slowly  moving  drum  making  a 
revolution  in  fifty  to  sixty  minutes. 

The  changes  in  volume  capacity  of  the  stomach  as  influenced  by  partial 
and  compkte  isolation  from  the  central  nervous  syaiem.  The  influence  of 
the  vagi  and  splanchnic  nerves  on  the  activity  of  the  empty  stomach 
of  the  frt^  has  been  reported  in  a  previous  paper  (11).  According  to 
these  reaulta,  double  vagotomy  leads  to  a  sympathicotonic  condition 
of  the  stomach  followed  with  nearly  the  normal  type  of  hunger  con- 
tractions with  the  exception  that  they  appear  to  be  of  a  somewhat  slower 
rate  and  slightly  weaker.  On  the  other  hand,  section  of  the  splanchnic 
nerves  leads  to  a  hypertonic  stomach  witb  shallow  contractions,  showing 
an  increased  rate  and  tending  to  run  into  incomplete  tetanus,  while 
complete  isolation  of  the  stomach  from  the  central  nervous  system 
leads  to  a  hypotonic  stomach  with  about  the  normal  type  of  gastric 
hunger  contractions.  Somewhat  similar  changes  have  been  described 
by  Cannon  (12)  on  cats  for  the  digestive  movements  and  by  Carlson 
(13)  on  dogs  for  the  movements  of  the  empty  stomach. 

Although  the  sectioning  of  these  nerves  in  various  animals  has  led 
to  certain  changes  in  gastric  tonus,  as  arising  from  the  influence  exert«d 
through  the  extrinsic  nerves  supplying  the  stomach,  no  attempt  has 
been  made  to  analyze  the  question  quantitatively.  In  order  to  study 
the  changes  in  volmne  capacity  of  the  empty  stomach  as  influenced  by 
partial  and  complete  isolation  from  the  central  nervous  system,  twenty- 
one  animals  were  used  for  the  various  observations  recorded  herein,  as 
follows, — seven  were  vagotomized,  seven  splanchnetomized  and  seven 
vago-splanchnetomized.  In  addition,  fifteen  other  animals  were  used 
but  as  the  length  of  the  duration  of  these  experiments  was  more  or  less 
brief  due  to  parasitization  or  other  causes  leading  to  an  early  death, 
the  data  from  these  were  excluded.  However,  in  none  of  these  experi- 
ments in  which  results  were  obtained  were  they  contradictory  to  the 
typical  results  as  tabulated.  There  were  also  a  few  ftnimalH  of  this 
number  excluded  because  of  incomplete  nerve  section.  The  following 
tables  have  been  prepared  as  showing  typical  results  of  the  experiments. 

The  animals  used  for  the  observations  in  the  preceding  experimrats 
were  twelve  to  thirteen  inches  in  length,  extended,  and  it  was  found, 
without  exception  in  this  size  of  animal,  that  10  cc.  of  air  introduced 
by  a  syringe  into  the  gastric  balloon  was  sufficient  to  maintain  a  con- 
stant manometric  pressure  of  2  cm.  in  the  stomach  of  the  nonnal  ani- 
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mal.  Lai^r  animala  in  proportion  to  size  require  greater  quantities 
(rf  air  to  obtain  this  constant  manometric  pressure,  and  vice  versa. 
In  one  case,  a  very  large  frog  measuring  sixteen  inches,  the  only  one 
used  in  the  series  of  experiments,  15  cc,  of  air  were  necessary  to  produce 


Effta  of  section  of  Iht  vaj^us  n 


TABLE  1 
»  on  volume  capacity  of  glomack  tmd  controcltom* 


„„..m 

^"^« 

■TBSMOTBOT 
CgHTBlCTIOHa 

™^« 

Auguat   7 

cc. 

™. 

August  10 

Noraal 

10 

6.5 

August  11 

Normal 

10 

6.0 

Auguat  12 

Normal 

10 

6.S 

August  13 

Operation  OJC. 

August  16 

Vagotomiied 

15 

6.6 

August  17 

VagotomiBed 

15 

8.0 

August  18 

Vagotomized 

16 

6.8 

August  19 

Vagotomiied 

IS 

7.0 

August  20 

15 

8.0 

Augi)st  21 

Vagotomised 

15 

6.5 

August  22 

13 

6.6 

August  23' 

Vagotomiied 

10 

6.0 

August  24 

10 

4.S 

Augustas 

Vagotomiied 

10 

5,5 

August  26 

Vagotomiied 

10 

6.8 

August  27 

Vagotomiied 

10 

6.2 

August  2S 

Vagotomiied 

10 

6.0 

August  29 

Vagotomiied 

10 

4.0 

August  30 

Vagotomiied 

10 

3.5 

August  31 

Vagotomiied 

10 

Very  weak 

Vagotomiied 

10 

Very  weak 

September  2 

Vagotomiied 

Animal  died.     Au- 
topsy       showed 
both  vagi  cut 

*  Work  now  in  progress  on  lung  tonus  of  the  frog  shows  that  double  vagotomy 
leads  to  prtuitically  the  same  effects  as  extirpation  of  the  lungs,  and  this  may 
shorten  the  life  of  the  animals. 

the  constant  pressure  of  2  cm.  in  the  water  manometer.  The  questirai 
of  the  elasticity  of  the  rubber  balloon  may  arise  here  for,  as  Osborne 
(14)  pointed  out,  in  thin-walled  rubber  bags  the  extensibihty  of  the 
elastic  material  is  great  and  its  dimensions,  including  its  thickness, 
alter  much  under  the  stretch  imposed.    Furthermore,  a  subspherical 


,v  Google 


158 


T.  L.  PATTEBSON 


bag  may  change  in  general  figure  aa  its  size  is  altered,  or  changes  in  the 
physical  consistence  of  the  rubber  membrane  may  occur  as  inflation 
and  deflation  proceeds,  all  of  which  would  lead  to  serious  ocmidicatioo 
for  the  analysis  of  results.  However,  in  the  case  of  the  gastric  ballooo 
used  10  or  even  15  cc.  of  air  do  not  fill  the  rubber  balloon,  so  that  the 
tension  of  the  bag's  elasticity  complicates  the  stomach  t(H>ua. 


nervuon 

volume  eapadty  of  tUmaek  and 

controctiOM 

Din  IIU 

coMnrnom 

urn  a 

„-^ 

August   7 

Stomoatomised 

«. 

"■ 

Auguat  10 

Normal 

10 

6.0 

August  11 

Normal 

10 

6.7 

August  12 

Normal 

10 

6.6 

August  13 

Operation  O.K. 

August  16 

0.6 

August  17 

1.0 

August  18 

0.8 

August  19 

Splonchnetomised 

0.« 

August  20 

Splanchnetomised 

O.S 

August  21 

Splanchnetomised 

1.4 

August  22 

0.6 

August  23 

0.3 

August  24 

Splau  chnetomiied 

0.4 

August  26 

0.3 

August  26 

Splanchnetomued 

0.3 

August  27 

Splanchnetomiscd 

10 

0.2 

August  28 

■10 

Very  w«ak 

Auguat  29 

Splanchnetomised 

10 

Very  weak 

August  30 

Splanchnetomised 

10 

Very  weak 

Auguat  31 

Splanchnetomised 

Animal  died.     Au- 
topsy       showed 
splanohDies  eat 

In  testing  out  the  amount  of  air  necessary  to  produce  the  c<Histant 
maoometric  pressure  it  was  found  without  exception  in  all  the  »"■'"*■ '» 
that  a  much  ranaller  amount  than  10  cc.  of  air  would  produce  changes 
in  the  manometer  amounting  to  2  or  more  centimeters  but  the  length 
of  its  duration  was  very  short  and  the  pressure  soon  fell  to  the  aero 
level  or  closely  approximated  it  dependii^  on  the  quantity  of  air  intro- 
duced. This  is  indicative  of  the  ease  with  which  the  stomach  adapts 
its  size  to  the  volume  of  its  contents. 
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Id  female  animals  filled  with  lai^  egg  masses  the  number  of  cubic 
centimeters  of  air  necessary  to  produce  the  constant  pressure  showed 
no  variations  from  that  of  the  non-egg-carrying  female  and  the  male, 
although  the  abdomen  was  much  enlarged.    This  condition  in  the  egg- 


Effwl  ttf  teelioR  of  the  vagi  and  tplanehnie  nervtt 
and  etmlraclimu 


n  PoIuiiM  eapaeili/  of  tlomach 
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H* 

^"■■^^ 

«u.^ 

October  22 

Stomostomiaed 

"■ 

™. 

October  26 

Normal 

10 

6.6 

October  26 

NormAl 

10 

6.6 

October  27 

Normal 

10 

6.9 

October  28 

Normal 

10 

6.7 

October  28 

Vagi  and  splanchaica  cut 

Operation  O.K. 

November   2 

16 

6.7 

November   3 

16 

7.0 

16 

6.9 

November   6 

Vagi  and  aplancbnics  cut 

15 

7.2 

Vagi  and  aplanchnica  cut 

IS 

6.6 

November  7 

16  ■ 

8.0 

November  8 

Vagi  and  aplanchnicB  cut 

IS 

6.6 

November  9 

Vagi  aod  splanchnicB  cut 

IS 

6.8 

Morning 

November  9 

13 

6.0 

Night 

November  10 

Vagi  and  Bplanctmics  cut 

13 

6.0 

November  U 

Vagi  and  splanctmics  cut 

13 

4.4 

November  12 

Vagi  and  aplanctmice  cut 

13 

3.6 

November  13 

Vagi  and  aplanchnics  cut 

13 

3.4 

November  14 

Vagi  and  splancbnioe  cut 

13 

3.6 

Vagi  and  splancbnica  cut 

13 

Very  weak 

November  16 

Vagi  and  splancbnica  cut 

13 

Very  weak 

November  17 

Vagi  and  Bpl&ncbnics  cut 

13 

Very  weak 

November  18 

Vagi  and  epUncbnics  out 

Animal      died. 
Autopsy 
showed   both 
vagi  and 
sptanchnics 
cut 

carrying  female  is  doubtless  accounted  for,  at  least  in  part,  by  a  reflex 
mechanism  leading  to  a  relaxation  of  the  abdominal  muscles,  an  adap- 
tation similar  to  the  refiex  relaxation  of  the  rectus  abdominis  muscle 
in  increased  volume  contents  of  the  stomach  as  has  been  described  by 
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Pike  and  Coombs  (7).  The  ftnimalH  with  very  few  exceptions  were  run 
continuously  as  soon  as  recovery  was  cconplete  after  the  operation  and 
the  fast  commenced  immediately. 

Section  of  both  vagi  or  the  v^o-sympatbetic  nerves  (11)  in  the  neck 
of  the  fr<^  increases  the  volume  capacity  of  the  stomach  temporarily, 
as  shown  in  table  1,  from  the  normal  of  10  cc.  to  15  cc.  of  air.  This 
condition  invariably  lasts  from  eight  to  nine  days.  Usually  on  the 
ninth  day  following  the  cutting  of  the  nerves  there  is  a  decrease  in  the 
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Fig.  1.  The  spaces  left  to  right  iadio&te  the  Dumber  of  dt,yt  ezperimeot  no. 
Vertiofti  ipaces  above  and  below  the  heavy  line  A  B,  repreaeiitinstbenormsl 
pressure  of  10  co.  of  air  neoeasuy  to  maintain  a  oonstant  pressure  of  2  em.  in 
the  water  numometer,  indicatea  the  positive  or  negative  changes  from  the  oon- 
stant in  the  volume  capacity  of  the  stomach  as  influenced  by  the  eztrinsie  nerves. 
Curve  C  C,  shows  effect  of  sectioning  both  vagi  on  stomach.  Curve  DD.effeet 
of  splanchnic  section.  Curve  B  E,  combined  effect  of  section  of  both  vagi  aad 
splanchnic  nerves.  Note  complete  recovery  of  gastric  tonus  in  first  two  ca—, 
while  in  the  latter  there  is  only  a  partial  recovery.  Heavy  line  A  B  also  tndi* 
cates  negative  effect  of  decerebration  on  stomach.  Figures  at  left  indicate 
number  of  oubio  centimeters  of  air  in  balloon. 
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intragastric  pressure  to  about  13  cc.  of  air  and  on  the  next  day  it  drops 
again  to  the  normal  or  10  cc.  level,  and  remains  there.  In  other  words, 
the  normal  tone  of  the  stomach  has  been  reestablished  (fig.  1),  and  this 
condition  as  it  exists  in  the  frog  may  be  comparable  to  the  temporary 
loss  of  tonus  as  described  by  Cannon  (12)  in  cats.  The  contractions 
of  the  empty  stomach  tend  to  approach  the  normal,  but  on  the  whole 
they  are  of  a  slightly  slower  rate  and  more  irregular.  The  amplitude 
of  the  individual  contractions  may  even  appear  greater  than  normal 
and  this  may  be  because  the  contractions  start  rather  suddenly  and 
without  any  marked  preliminary  increase  in  tonus  in  the  fundic  end 
of  the  stomach. 

Section  of  the  splanchnic  nerves  in  the  frog  markedly  decraaees  the 
volume  capacity  of  the  stomach  temporarily,  as  shown  in  table  2,  from 
the  normal  of  10  cc.  to  4  cc.  of  air.  This  marked  diminution  In  size 
like  the  increase  after  double  vagotomy  invariably  lasts  from  eight  to 
nine  days.  Usually  on  the  ninth  day  following  the  cutting  of  the 
nerves  there  is  an  increase  in  the  intragastric  pressure  to  about  6  cc. 
of  air,  while  on  the  next  day  it  reaches  again  the  normal  or  10  cc.  level 
and  remains  there.  Here  again  the  stomach  has  reestablished  its  gastric 
tonus  (fig.  1).  This  condition  in  the  fr^  is  much  more  marked  than 
Carlson  (13)  found  it  to  be  in  dogs  for  just  as  the  number  of  cardio- 
inhibitory  fibers  vary  in  the  vagus  of  the  cat  and  the  dog,  so  also  may 
not  the  number  of  motor  fibers  in  the  vap  destined  for  the  stomach 
vary  in  different  animals?  The  contractions  of  the  empty  stomach 
are  small,  showing  an  increased  rate  and  a  tendency  to  approach  in- 
complete tetanus.  This  is  especially  true  during  the  temporary  period 
of  high  tonal  activity  when  only  4  cc.  of  air  are  required  to  maintain 
the  constant  manometric  pressure  and  in  one  animal  3  cc.  of  air  were 
found  to  be  sufficient.  In  a  few  such  animals  I  have  found  in  the  morn- 
ing following  the  removal  of  the  balloon  the  night  before  such  strong 
gastric  and  esophageal  contraction  that  it  was  impossible  to  introduce 
the  balloon  through  the  short  esophagus  into  the  stomach  without  first 
introducing  a  small  glass  seeker  and  stretching  it.  I  have  even  had 
difficulty  in  introducing  the  seeker  the  first  time  on  one  or  two  occasions 
because  of  such  marked  contraction.  This  would  seem  to  uphold  the 
views  of  Cannon  (12)  and  Kellii^  (6)  that  the  gastric  fibers  of  the  vagi 
fimction  to  make  the  gastric  muscles  exert  a  tension. 

Section  of  the  vagi  and  splanchnic  nerves  in  the  frog  increases  the 
volume  capacity  of  the  stomach  permanently,  as  shown  in  table  3, 
from  the  normtd  of  10  cc.  to  15  cc.  of  air,  but  in  this  case  there  is  not 
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a  complete  recovery.  After  thia  complete  isolation  of  tbe  frog's  stomach 
from  the  central  nervous  syHtem,  the  15  cc.  stomach  invariably  lasts 
from  twelve  to  thirteen  days,  which  is  a  loi^r  period  than  in  either 
the  vagotomized  or  splanchnetomized  stomach.  Usually  on  the  thir- 
teenth day  following  the  sectioning  of  these  nerves  which  is  accom- 
plished at  one  operation  there  is  a  fall  in  the  intragastric  pressure  to  a 
13  cc.  level,  where  there  are  no  further  changes  (Gg.  1).  This  new  and 
partial  readjustment  of  the  hypotonic  stomach  is  evidently  determined 
by  the  iotriosic  local  gastric  motor  mechanism  of  the  stomach  wall  for 
the  gastric  hunger  contractions  persist  after  its  isolation  from  the 
central  nervous  system.  The  appearance  of  the  individual  contractions 
is  much  the  same  as  when  the  vagi  alone  are  cut.  These  contractions 
may  exhibit  a  greater  or  lesser  amplitude  and  show  a  tendency  toward 
irregularity.  All  the  animals  in  the  different  groups  were  autopsied 
to  verify  more  especially  the  sectioning  of  the  respective  nerves.  In 
a  few  of  these  animals  in  which  the  heart  was  still  beating  regularly 
the  effect  of  vagal  stimulation  on  the  stomach  was  determined.  This 
resulted  usually  in  a  phase  of  inhibition  followed  by  a  stronger  phase 
of  excitation  immediately  upon  the  removal  of  the  stimulus  and  is  in 
confirmation  with  the  findings  of  Hopf  (15)  on  frogs. .  Stimulation  of 
the  sectioned  splanchnic  usually  resulted  in  a  relaxation  of  the  body 
of  the  stomach,  if  any  change  at  all  occurred,  and  if  the  stimulation 
was  repeated  several  times  in  succession  it  seemed  to  bring  about  a 
constriction  of  the  pyloric  sphincter  and  perhaps  also  that  of  the  cardiac 
sphincter,  a  condition  which  would  seem  to  indicate  that  the  splanchnics 
might  possess  a  few  fibers  of  the  motor  type.  The  stimulation  of  these 
two  nerves  does  show,  however,  that  the  fibers  of  neither  have  degenerated, 
and  since  the  rate  of  nerve  degeneration  differs  in  different  animals  and 
in  frogs  requires  from  thirty  to  one  hundred  and  forty  days,  depending 
upon  the  season  of  the  year  (16),  there  is  no  possibility  of  the  regener- 
ation of  these  nerves.  The  normal  fimctioning  of  the  two  sets  of  nerves 
to  the  stomach  is  indicated  by  the  results  of  sectioning,  as  well  as  by 
the  results  of  stimulation.  In  the  case  of  the  isolation  of  the  st<nnach 
from  the  influence  of  the  vagi  with  the  splanchnics  mtact,  or  vice  versa, 
there  is  a  perfect  physiological  readjustment  of  the  normal  tonus  of  the 
gastric  musculature.  On  the  other  hand,  after  complete  isolation  of 
the  stomach  (vagi  and  splanchnics  severed)  from'  the  central  nervous 
system  there  is  only  a  partial  physiolt^cal  readjustment  of  the  gastric 
musculature.  This  indicates  that  the  extrinsic  nerves  play  a  prominent 
part  in  the  maintenance  of  gastric  tonus,  at  least  in  the  frog.    Wbea 
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the  splsnchnics  are  sectioned  it  must  be  the  motor  fibers  of  the  vagi 
that  produce  the  high  and  temporary  gastric  hypertonicity,  i.e.,  hyper- 
tonic Btomach.  When  the  vagi  are  cut  and  the  splanchnics  pennitted 
to  exert  their  full  influence  on  the  gastric  musculature  it  is  reasonable 
to  believe  that  these  nerves  must  possess  motor  fibers  probably  to  the 
sphincter  muscles  and  that  these  areas  then  act  as  tonic  rings  which, 
in  connection  with  the  intrinsic  or  local  reflex  mechanism  of  the  gastric 
wall,  are  capable  of  producing  a  perfect  physiological  readjustment. 
Whereas,  in  the  case  of  the  stomach  completely  isolated  from  the  central 
nervous  system,  this  intrinsic  or  local  gastric  mechanism  is  incapable 
of  bringing  about  a  complete  readjustment  ^nd  in  consequence  of  this 
it  creates  a  new  level  of  gastric  tonus.  Thus,  every  reflex  is  in  its  own 
measure  an  integral  reaction,  and  is  purposive  in  that  it  bears  some 
biolc^cal  purport  for  its  organism.  This  physiological  readjustment 
occurred  regularly  in  all  the  animals,  that  is,  it  could  be  looked  for 
after  a  lapse  of  a  certain  number  of  days  following  the  sectioning  of 
the  nerves.  For  example,  in  the  case  of  the  vagotomized  stomach  when 
this  readjustment  started  I  have  seen  in  a  few  instances  the  pressure 
in  the  manometer  increase  from  the  constant  level  of  2  cm.  to  5  or  6 
cm.,  but  I  have  never  observed  it  in  the  stomach  of  the  normal  animal. 
In  the  splanchnetomized  stomach  of  the  course  the  first  readjustment 
sti^e  is  marked  by  a  fall  in  the  manometric  pressure  to  zero. 

The  changes  in  gastric  tonus  observed  throughout  this  series  of 
experiments  are  so  slight  in  the  normal  frog  that  they  are  practically 
unmeasurable.  However,  tonus  is  the  prime  condition  for  that  tension 
which  must  be  developed  before  contraction  can  result  and  if  the  tension 
persists  the  contraction  recurs  (17).  Furthermore,  the  importance  of 
the  tonic  state  in  the  normal  functioning  stomach  is  reinforced  by  the 
fact  that  when  all  the  extrinsic  nerves  are  cut  the  stomach  develops  in 
time  within  itself  a  tonic  state,  while  the  adaptabihty  of  the  abdominal 
cavity  to  the  volume  of  its  contents  is  left  to  the  postural  reflex. 

The  effect  of  decerebration  on  the  tonus  of  the  stomach.  It  has  been 
shown  by  King  and  Connet  (IS)  that  the  rate  of  the  gastric  contractions 
is  increased  in  decerebrate  guinea  pigs  and  that  the  stomach  becomes 
hypertonic.  According  to  Rogers  (19)  the  hyperactivity  of  the  crop 
of  the  decerebrate  pigeon  is  inhibited  by  food  and  water  as  in  the  normal 
bird,  while  the  writer  (4)  has  reported  no  change  in  the  type  of  the 
contractions  from  the  empty  stomach  of  the  normal  and  the  decerebrate 
fr(^.  In  order  to  study  the  effect  of  decerebration  on  the  volume  ca- 
pacity of  the  stomach,  observations  were  made  on  six  decerebrate  frogs. 
The  following  table  has  been  prepared  from  a  typical  experiment. 
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Decerebration  in  the  frog  has  no  effect  on  either  the  volume  capacttjr 
of  the  stomach  or  the  amplitude  of  the  individual  coDtractions,  as  is 
shown  in  table  4.  There  is  also  no  change  in  the  type  of  contractions, 
which  confirms  the  work  of  the  previous  paper  (4).  The  negative 
findings  in  these  experiments  show  that  the  higher  cerebral  centers  id 
the  frog  play  no  appreciable  part  in  either  the  maintenance  of  gastric 
activity  or  the  tonic  state.  Since  section  of  the  vagi  leaves  the  stomach 
in  a  temporary  hypotonic  condition  (15  cc.  stomach)  while  the  decere- 
bration effects  are  negative  we  may  infer  that  impulses  from  centers 


Effect  of  decerebralio 


TABLE  4 

rt  volume  capacity  of  ilomaeh  and  eontraetiofu 


DtTI  1SI8 

TUCTIOm 

UHAHU 

(C. 

em. 

July  26 

Stomostomised 

July  31 

Normal 

10 

8.0 

August] 

Normal 

10 

6.5 

August  2 

Nonnftl 

10 

6.0 

August  2 

Decerebrated  4:15  p.m. 

Operation  O.K. 

August? 

10 

6.0 

Contractions 
started  again  at 
5:35  p.m. 

Augusta 

Decerebratod 

10 

6,3 

August  4 

Decerebrated 

10 

6.0 

August  5 

Decerebrated 

10 

5.2 

Augusts 

Decerebrated 

Animal  died.  Au- 
topsy riiowed 
complete  re- 
moval of  cer^ 
bral  hemi- 
spheres 

in  the  mid-brain  and  medulla  exercise  the  controlling  influence  and 
produce  after  section  of  the  splanchnics  the  temporary  hypertonic 
stomach,  i.e.,  high  gastric  tonus.  It  may  be  further  implied  that  there 
is  a  dynamic  readjustment  in  the  central  nervous  system  which  leads 
to  an  actual  diminution  in  the  inhibitory  impulses  through  the  splanch- 
nics after  v^al  section  or  an  inverse  motor  condition  existing  through 
the  vagi  after  splanchnic  section,  or  else  the  stomach  may  bring  about 
its  physiological  readjustment  by  an  increased  rerastance  or  tolerance 
of  the  splanchnic  or  motor  impulses  over  the  respective  nerves  to  the 
gastric  mechanism. 
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C0NCLT7S1ONS 

1.  The  nonnal  stomach  of  the  frog  possesses  a  marked  capacity  for 
adapting  itself  to  the  volume  of  its  contents  with  only  minimal  changes 
in  the  intragastric  pressure.  This  is  in  confirmation  with  the  work  of 
Grey  and  others. 

2.  Both  the  intrinsic  and  extrinsic  nerves  take  part  in  the  mainte- 
nance of  gastric  tonus  as  is  shown  by  partial  and  complete  isolation  of 
the  stomach  from  the  central  nervous  system. 

3.  Section  of  the  vago-sympathetic  nerves  (double  vagotomy)  with 
the  splanchnics  intact  increaaee  the  volume  capacity  of  the  stomach 
temporarily,  but  there  is  later  a  complete  readjustment. 

4.  Section  of  the  splanchnic  nerves  with  the  vagi  intact  decreases 
the  volume  capacity  of  the  stomach  temporarily,  but  there  is  again  a 
complete  readjustment  as  above. 

5.  Section  of  both  the  va^  and  splanchnic  nerves  (complete  isolation 
from  the  central  nervous  system)  increases  the  volume  capacity  of  the 
stomach  permanently,  and  in  this  case  there  is  only  a  partial  readjust- 
ment, at  least  for  a  period  extending  over  three  weeks,  and  the  tonus 
of  the  stomach  is  established  uptm  a  new  level  from  that  of  the  nonnal. 

6.  Decerebration  affects  neither  the  volume  capacity  of  the  stomach 
nor  the  type  of  the  contractions. 

The  writer  desires  to  acknowledge  his  indebtedness  to  Doctor  Carlson 
for  his  kindly  and  valuable  criticism. 
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INTRODUCTION 

This  paper  has  to  do  with  two  problenis:  one  the  dependence  of 
tissue  activity  upon  volume-fiow  of  blood,  and  the  other  the  mechanism 
by  which  the  volume-flow  of  blood  is  controlled.  While  these  problems 
may  be  considered  as  distinct  from  each  other,  yet  they  have  a  certain 
interdependence  which  may  warrant  their  discussion  in  common. 

I  have  previously  reported  results  bearing  upon  both  problems  (1), 
(2).  Although  no  definite  conclusions  were  reached  concerning  the 
mechanism  of  volume-flow  control,  it  was  shown  that  in  hemorrtiage 
the  organism  as  a  whole  suffers  from  a  reduced  flow  of  blood  as  is 
indicated  by  the  reduced  alkaline  reserve  of  the  plasma  of  the  blood. 
But  despite  the  fact  that  the  organism  suffers  from  a  reduced  flow  of 
blood  we  know  from  the  work  of  others  (3),  (4)  that  a  tissue  may  be 
stimulated  to  great  activity  even  though  the  flow  of  blood  may  be  very 
low  or  even  absent.  This  apparent  independence  of  volume-flow  and 
tissue  activity  is  shown  in  figures  1  and  3,  where  secretion  of  saliva  is 
used  as  the  index  of  tissue  activity. 

dependence  of  secretion  upon  volume-plow  op  blood 

To  show  the  dependence  of  tissue  activity  upon  volume-fiow  of  blood, 
"using  secretion  as  the  index  to  activity,  special  methods  must  be  em- 
ployed. The  greatest  care  must  be  taken  that  change  in  volume-flow 
of  blood  be  the  only  variable.  When  the  gland  is  activated  by  stimu- 
lation of  the  chorda  tympani  the  periods  and  strength  of  stimulation 
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must  be  equal  and  periods  of  rest  must  be  chosen  which  will  avoid  the 
augmenting  effect  of  previous  stimulation.  Besultfi  obtained  under 
such  conditions  can  be  compared  with  results  obtained  when  the  blood 
supply  is  modified.  Such  results  are  shown  in  figures  1,  2  and  3,  in 
which  blood  pressure,  volume-flow  of  blood,  secretion,  electrical  deflec- 
tions, time  in  seconds  and  moment  of  stimulation  of  the  chorda  tympani 
are  recorded.  The  volume-flow  of  blood  was  measured  with  the  blood- 
less method  previously  described. 

Figure  1,  A  and  B,  shows  the  effects  of  occluding  the  carotid  artery 
during  a  short  period  of  stimulation  lasting  14  seconds.  In  the  first 
record,  the  artery  was  unoecluded  and  stimulation  of  the  chorda  tym- 
pani produced  the  usual  rapid  acceleration  Of  blood  flow.  In  the  second, 
where  the  artery  was  occluded,  the  flow  of  blood  durii^  the  period  of 
stimulation  was  slow  but  the  amount  of  saliva  secreted  was  not  dimin- 
ished. The  results  might  be  taken  to  indicate  that  even  laige  fluctu- 
ations in  volume-flow  of  blood  need  not  affect  the  metabolic  processes 
of  the  gland,  were  it  not  for  the  change  in  the  contour  of  the  electrical 
deflections  which  suggests  that  the  glandular  processes  were  modified. 
On  the  other  hand,  the  absence  of  an  after-flow  of  blood  following 
de-occlusion  indicates  that  the  gland  was  not  overtaxed  by  the  tempor- 
ary reduction  in  the  blood-flow. 

Figure  1,  C  and  D,  shows  the  effect  of  occlusion  of  the  artery  during 
greater  activation.  The  secretion  of  saliva  diuing  occlusion  was  not 
reduced,  yet  the  electrical  deflection  was  modified  again  &a  in  I,  B. 
The  difference  between  the  results  shown  in  1,  A  and  B,  and  in  1,  C 
and  D,  is  that  de-occlumon  in  the  latter  observations  was  followed  by 
a  markedly  accelerated  after-flow  of  blood  indicative  of  an  overstrtuu 
of  the  tissue  resulting  from  activation  without  sufficient  blood  supply. 

Figure  2,  A,  B  and  C,  shows  the  effect  of  more  prolonged  occlusion 
of  the  artery  lasting  through  a  period  of  stimulation  of  30  seconds. 
Even  this  longer  period  of  occlusion  has  little  effect  upon  the  amount 
of  saliva  obtained — 16.2  drops  during  the  period  of  occlusion  as  com- 
pared with  18.2  and  19.2  drops  during  the  preceding  and  subsequent 
periods  of  free  flow  of  blood.  In  figure  3,  A,  B,  C  and  D,  where  the 
periods  of  stimulation  and  occlusion  were  still  longer,  the  reduced  flow 
of  blood  again  had  relatively  httle  effect.  In  fact  (C)  during  occlusion 
18.4  drops  of  saliva  were  secreted  compared  with  19.0,  19.6  and  20.3 
in  the  preceding  and  subsequent  periods. 

Upon  the  whole,  the  results  indicate  that  relatively  short  periods 
of  occlusion  of  the  carotid  artery  affect  little  the  amount  of  saliva 
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elicited  by  stimulation  of  the  chorda  tyrnpaoi.  This  absence  of  mariced 
effects  may  be  apparent  only  and  may  be  due  to  the  fact  that  the  glaod 
at  the  moment  of  stimulation  has  recovered  from  previous  activation 
and  readily  liberates  its  stored  material  and  enei^  regardless  of  the 
momentary  decrease  in  flow  of  blood  durii^  the  period  of  activation. 
If  so,  it  would  be  better  to  study  the  dependence  of  tissue  metaboliBm 
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Fig.  1.  Effect  of  occluaion  of  the  carotid  artery  on  the  reaponoe  of  the  aubnuui- 
illary  gland  to  atimulation  of  the  chorda  tympani.  M,  nonoal;  18,  artery  oc- 
cluded; IC,  □ormal;  ID,  artery  occluded iS./*.,  blood  pressure;  V.F.,  vofume-flow 
of  blood;  S.,  salivary  secretion;  E..  electrical  deSection;  T.,  time  in  secottda  and 
moment  of  stimulation  of  the  chorda  tympani. 
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upoD  tissue  which  has  not  fully  recovered  from  previous  activation; 
for  this  purpose  the  gland  might  be  activated  over  a  longer  period  of 
time,  and  the  blood  supply  modified  during  this  period  of  activation, 
that  is  while  activity  and  recuperation  are  going  on  hand  in  hand. 

A  series  of  such  experiments  is  shown  in  figure'  i,  A,  B,C,  D  and  E. 
In  figure  4,  A,  B  and  C  the  gland  was  activated  by  the  injection  of 
pilocarpin  and  the  flow  of  blood  was  restricted  in  three  ways:  in  A  by 
obstruction  of  the  carotid  artery;  in  Bhy  injection  of  adrenin;  and  in 
C  by  stimulation  of  the  vago-?ympathetic.  In  every  instance  the  slow- 
ing of  the  flow  of  blood  affected  the  response  of  the  gland  to  the  stimu- 
lation of  folocarpin.  The  objection  might  be  rtused  that  we  not  only 
interfered  with  the  blood  supply  but  also  with  the  supply  of  pilocarpin 
which  stimulates  the  gland.  This  objection  can  not  hold  in  theexperi- 
ment  represented  in  figure  4,  D  and  C,  where  the  gland  was  activated 
by  stimulating  the  chorda  tympani.  In  4,  D,  the  flow  of  blood  was 
decreased  during  stimulation  by  occluding  the  artery.  The  volumo- 
flow  of  blood  was  not  recorded  but  the  moments  of  occlusion  and  de- 
occlusion  are  evident  in  the  blood  pressure  tracing.  It  will  be  noted 
that  the  effect  of  occlusion  became  progressively  greater  as  occlusion 
continued,  su^esting  that  stored  up  saliva  may  be  easily  Eberated, 
whereas  the  storage  and  liberation  of  new  saliva  required  a  greater 
flow  of  blood.  The  slowing  of  the  secretion  is  imdoubtedly  due  to  the 
slowing  of  the  blood  stream  and  not  to  fatigue  of  the  gland  from  pro- 
longed stimulation,  as  is  indicated  by  the  subsequent  acceleration  of 
secretion  upon  de-occlusion  of  the  artery.  In  this  record  secretion 
continued  for  some  time  after  cessation  of  stimulation.  Occlusion  of 
the  artery  during  this  after-eecretion  again  retarded  secretion.  The 
effects  of  injection  of  adrenin  diuing  prolonged  stimulation  of  the 
chorda  tympani  were  quite  as  striking — see  figure  4,  E. 

The  gland  from  which  figure  5  was  obtained  was  extremely  sensitive 
to  changes  in  volume-flow  of  blood.  The  period  of  stimulation  of  the 
chorda  tympani  lasted  from  A  to  S.  The  close  parallelism  between 
secretion  and  volume-flow  of  blood  is  very  evident.  Short  irr^ular 
fluctuations  which  were  not  due  to  occlusion  of  the  artery  also  are  to 
be  seen. 

.  Figure  6  is  taken  from  the  same  experiment  as  figure  5.  It  shows 
again  the  effect  of  volume-flow  of  blood  upon  the  threshold  of  stimula- 
tion for  secretion.  Stimulation  of  the  chorda  tympani  elicited  an 
increased  volume-flow  of  blood  and  though  no  visible  secretion  occurred 
it  excited  the  gland,  as  is  evidenced  by  the  electrical  deflection.    That 
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Fig.  4.  Effect  of  ioterfering  with  the  blood  supply  to  the  iubmucillaiy  gUnd 
during  prolonged  activity.  In  A,  B  and  C,  the  gland  was  activated  by  the  injee- 
tion  of  pilocarpin  and  the  blood  flow  interfered  with  by  arterial  occlusion,  injee- 
tionof  adrenin  and  etimulat  ion  of  the  vagoaympathetic  respectively.  InDandJF 
the  gland  is  activated  by  Btimulation  of  the  chorda  tympani  and  the  flow  of  blood 
interfered  with  by  art«rial  occluHion  and  the  injection  of  adrenin. 
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occlusion  of  the  carotid  artery  during  excitation  affected  the  prooc«cg 
in  the  gland  is  indicated  by  another  change  in  the  electrical  deflection. 
When  the  ari^ry  was  de-occluded  about  20  aeconds  after  the  cessation 
of  stimulation  a  rapid  flow  of  blood  occurred.  This  accelerated  blood 
flow  waa  accompanied  by  a  copious  secretion.  The  fact  that  an  ac- 
celerated blood  flow  was  associated  with  secretion  some  time  after  the 
effects  of  stimulation  bad  wholly  or  at  least  partially  worn  off,  seems 
to  indicate  that  secretion  in  this  instance  occurred  in  two  definite  stages. 
Hie  resulte  are  in  line  with  the  observation  that  the  elicitation  of  viaiblfl 
secretion  requires  a  stronger  stimulus  than  does  the  elicitation  of  an 


electrical  deflection  which  is  an  index  to  glandular  activity.  There 
may,  however,  be  another  explanation  of  the  results  shown  in  figure  6. 
We  know  from  previous  work  that  adrenin,  provided  it  does  not  inter- 
fere with  the  flow  of  blood  through  the  gland,  may  occasionally  augment 
secretion  elicited  by  either  stimulation  of  the  chorda  tympani  or  in- 
jection of  pilocarpin.  It  is  possible  that  the  short  period  of  arterial 
occlusion  led  to  an  asphyxia!  discharge  of  adrenin  into  the  circulation 
(5)  su£Scient  to  augment  secretion.  Unfortunately  results  similar  to 
those  seen  in  figure  6  were  not  obtained  frequently  enough  to  make 
possible  the  determination  of  the  factor  underlying  the  accderated 
secretion. 
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THB  lOECHAinBU  CONTBOUilNQ  THE  TOLUMZ-FLOW   OF  BLOOD 

It  is  well  known  that  after  atropiDization  of  an  ftnjmRl  etimulation 
of  the  chorda  tyntpaui  may  accelerate  the  volume-flow  of  blood  through 
the  submaxillary  gland  without  eliciting  visible  secretion.  This  obser- 
vation is  used  as  evidence  of  the  presence  of  vasodilator  fibers  in  the 
chorda  tympani.  But  Barcroft  (6)  pointed  out  that  even  though  there 
be  DO  visible  secretion  reeultii^  from  stimulation  of  the  chorda  tympani, 
oxidations  in  the  gland  may  be  increased.  The  accelerated  flow  of 
blood  may,  therefore,  be  due  to  liberation  of  dilator  metabolites  rather 
than  to  stimulation  of  dilator  fibers. 

Tlte  fact  that  stimulation  of  the  chorda  tympani,  too  weak  to  produce 
visible  secretion,  may  ehcit  an  increased  volum&4ow  of  blood  is  likewise 
cited  as  evidence  for  the  presence  of  dilator  fibers  in  that  nerve.  But 
the  fact  that  such  an  increase  in  volume-flow  of  blood  is  accompanied 
by  an  electrical  deflection  also  makes  possible  the  explanation  of  dila- 
tation through  dilator  metabolites  (1). 

Since  these  methods,  which  indicated  the  existence  of  dilator  fibers, 
ful  to  yield  crucial  data  concerning  the  mechanism  of  volume-flow 
control,  I  attempted  in  a  previous  research  to  throw  further  light  on  the 
problem  by  a  variety  of  indirect  methods  (1).  The  results  obtained 
were  summarized  as  follows: 

Aa  to  the  existenM  of  vasodilator  nerves  the  queatlon  which  Initiated  this 
reaeareh  nothing  definite  can  be  said.  We  have  no  proof  that  such  nerves  do  not 
exist,  neither  have  we  proof  that  metabolites  can  not  adequately  oontral  the 
volume-flow  of  blood.  All  that  can  be  said  is,  that  if  the  dilator  fibers  do  control 
the  volume-flow  of  blood,  this  flow  may  be  augmented  still  more  by  an  accumul^ 
tlon  of  metabolites.  Many  observations  might  apply  to  both  theories,  some  how- 
ever point  more  strongly  to  the  metabolite  control. 

It  was  shown  in  that  research  that  with  conditions  constant  the 
flow  of  blood  is  very  finely  adjusted  to  the  activity  of  the  gland.  By 
plotting  the  superbasal  flow  of  blood  on  the  ordinates  against  pit^res- 
sively  increasing  amounts  of  salivary  secretion  on  the  {^scissas  we  found 
superbasal  flow  of  blood  to  be  a  linear  function  of  superbasal  metabolian. 
Such  accelerated  flow  accompanying  tisaue  activity  is  undoubtedly  a 
purposive  reaction  to  make  good  the  excess  of  liberated  enei^,  but 
does  not  help  toward  determining  the  mechanism  of  volume^ow 
control.  This  reaction  of  accelerated  flow  of  blood  is  studied  to  advan- 
tage by  plotting  continuous  curves  of  glandular  activity  and  volume- 
fiow  elicited  by  stimulation  of  the  chorda  tympani.    This  method  not 
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only  brings  out  in  another  way  the  parallelism  of  the  two  pbenomeu 
but  in  addition  shows  the  time  relation  of  the  two  processes. 

Figure  7  shows  the  effect  of  stimulation  of  the  chorda  tsrmpsiu  of 
12  seconds  duration  in  7,  A,  and  of  60  seconds  in  7,  B.  The  activity  of 
the  gland  (secretion)  is  plotted  on  the  ordinates  in  solid  black  against 
time  on  the  abscissas.  Volume-flow  of  blood  is  plotted  as  a  line,  llie 
portion  of  the  curve  of  volume-flow  of  blood  preceding  stimulation  of 
the  chorda  tympani  represents  the  basal  flow  of  blood  or  the  flow  of 
rest;  ibe  curve  above  that  level  represents' the  superbasal  flow.  Thou^ 
in  each  instance  the  increased  flow  of  blood  followed  stimulatkni 


Fig.  7.  EBeot  of  stimulation  of  the  chorda  tympani  on  secretion  and  Tolame- 
flow  of  blood.  Volume-flow  of  blood  and  salivary  secretion  are  plotted  ontbe 
ordinatea  against  time  in  minutes  on  the  abscissas.  The  duration  of  stimulation 
of  the  chorda  tyntpani  is  shown. 

promptly,  there  was  considerable  lag  in  the  flow  as  indicated  by  a  com- 
parison of  the  crests  of  the  curves  of  secretion  and  volume-flow  of 
blood.  This  lag  or  after'^ow  of  blood,  which  continues  throuf^out 
the  experiment,  is  suggestive  of  a  recuperative  process  following  activa- 
tion, and  is  in  agreement  with  the  findings  of  Barcroft  and  Hill  cmi 
oxidation  and  heat  formation  associated  with  tissue  activation. 

F^re  8  shows  results  obtained  in  other  experiments.  The  grafdis 
were  obtained  from  four  different  animals.  Graphs  A  and  B  show  tht 
relation  of  volume-flow  of  blood  to  prolonged  activity  of  the  glaDd 
elicited  by  prolonged  excitation  of  the  chorda  tympatu.  The  usual 
effect  of  such  stimulation  upcoi  secretioQ  is  a  n4}id  acoeleratioD  followed 
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by  a  decrease  which  in  turn  gives  way  to  a  secondary  increase.     The 
paraUeligm  between  secretion  and  volume-flow  of  blood  is  striking. 

Graph  8,  C  and  D,  shows  the  same  relation,  but  the  fluctuations  in 
secretion  differ  from  those  in  graph  §,  A  and  B,m  that  they  are  elicited 
by  short  periods  of  stimulation.    Secretion  elicited  by  stimulation  of 


Fig.  8.  Effect  of  itimuUtion  of  the  chords  tympani  on  secretion  and  volume- 
flow  of  blood.  Volume-flow  of  blood  and  salivary  secretion  are  plotted  od  the 
ordinates  against  time  in  minutes  on  the  absciesaa.  A  and  B  show  the  relation 
of  volume-flow  of  blood  to  prolonged  secretion  elicited  by  prolonged  stimulation 
of  the  chorda  tympanl.  C  and  D  show  the  relation  of  volume-flow  of  blood  to  pro- 
longed aecietion  elicited  by  a  short  period  of  stimulation  of  the  ohorda  tympani. 
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the  chordft  tympani  aa  a  rule  stops  promptly  upon  cessation  of  Btimu- 
lation,  but  not  infrequently,  the  secretion  slows  only  to  accelerate  before 
ultimately  decreasing.  Such  results  are  represented  in  graph  8,  C  and 
D.  The  volume-flow  of  blood  here,  too,  is  closely  adjusted  to  the  activ- 
ity of  the  gland.  It  is  interesting  to  consider  the  significance  of  these 
results  in  relation  to  the  mechanism  of  vasodilatation.  The  after- 
secretion  following  cessation  of  stimulation  may  last  from  1  to  15 
minutes.  The  cause  of  this  secretion  we  do  not  know.  It  may  possibly 
he  due  to  a  prolonged  after-discharge  of  the  vasomotor  poet-gaoj^lKnue 
cells.  A  like  dischai^  of  the  vascnnotor  post-ganglionic  cells  would 
explun  in  a  similar  manner  the  after4ow  of  blood.  If  both  after-flow 
of  blood  and  after-^ow  of  secretion  are  due  to  this  after-<lischarge  of 
ganglionic  cells  it  is  extremely  interesting  that  the  ofter-discharge  of 
the  two  sets  of  cells  should  be  so  nearly  equal  and  so  exactly  timed. 

Numerous  experiments  similar  to  those  represented  in  figures  7  and 
8  show  that  under  constant  conditions  and  r^ardless  of  the  duratitn 
of  stimulation,  the  volume-flow  of  blood  is  nicely  adjusted  to  the  needs 
of  the  tissues.  Although  such  results  need  not  favor  either  theory 
of  vasomotor  control,  the  lag  of  accelerated  volume-flow  foUowing 
activation  might  suggest  at  least  the  cooperation  of  metabolite  control. 

If  a  lack  of  parallelism  could  be  demonstrated  between  volume-flow 
of  blood  and  activity  of  the  gland  resulting  from  stimulation  of  the 
chorda  tympani,  the  presence  of  dilator  fibers  in  the  chorda  t]rmpani 
would  be  Bu^ested,  only,  however,  aiwiiming  the  alnence  of  vasocon- 
strictor fibers.  But  it  appears  to  be  a  difficult  matter  to  demonstrate 
satisfactorily  such  a  lack  of  parallelism.  Perhaps  graph  8,  D,  could  be 
looked  upon  as  representing  a  slight  lack  in  the  perfection  of  adjustment 
between  volume-flow  and  tissue  activity,  in  that  the  second  inereaae  of 
secretion  is  associated  with  a  relatively  smaller  increase  in  volume-flow 
than  that  associated  with  the  first  phase  of  secretion.  In  a  few  experi- 
ments the  lack  of  parallelism  has  been  far  more  striking  in  that  the 
volume-flow  of  blood  actually  decreased  during  a  period  of  cofnous 
secretion. 

As  to  the  significance  of  these  apparent  exceptions,  it  is  obvious  that 
the  presence  of  a  variable  number  of  constrictor  fibers  in  the  chorda 
tympani  m^ht  change  the  relation  between  glandular  activity  and 
volume-flow  of  blood  elicited  by  stimulation  of  the  nerve.  Fr^ilich 
and  Loewi  (7),  believe  that  such  fibers  exist.  They  obtained  a  decreased 
flow  of  blood,  such  as  is  described  above,  when  the  chorda  tympani  was 
stimulated.    In  their  experiments  nitrites  were  administered  for  the 
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purpose  of  producing  a  maximuin  dilatation,  thereby  permitting  effective 
stimulation  of  the  constrictor  fibers  running  in  tliw  chorda  tympani. 
BayliBB  (8)  failed  to  obtain  the  decreased  flow  of  blood  under  the  con- 
ditions given  by  Frohlich  and  Loewi  and  furthermore  failed  to  confirm 
the  results  by  stimulation  of  the  cervical  sympathetic  nerve  of  the  cat, 
which  is  known  to  contain  constrictor  fibers. 

I  attempted  to  determine  the  presence  of  constrictor  fibers  nmning 
in  the  chorda  tympani  by  selective  stimulation  of  these  fibers  produced 
by  hemorrhage.  I  recorded  the  volume^ow  of  blood  from  both  sub- 
maxillary glands  during  pn^ressive  hemorrhage.  On  one  side  the 
chorda  tympani  and  the  vf^o-sympathetic  were  cut  and  on  the  other 
side  only  the  vago-eympathetic.  Since  one  gland  was  connected  with 
the  central  nervous  system  through  the  chorda  tympani  and  the  other 
gland  was  completely  isolated,  if  constrictor  fibers  are  present  in  the 
chorda  tympani  we  might  expect  a  difference  in  the  curves  of  basal 
flow  of  the  two  glands  (basal  flow  of  blood  plotted  on  the  ordinates 
against  mean  blood  pressure  upon  the  abscissas).  A  comparison  of  the 
curves  of  basal  flow  of  blood  fwled  to  indicate  the  presence  of  constrictor 
fibers  in  the  chorda  tympani. 

The  results  shown  in  figure  9  are  more  helpfiil  in  explaining  the  differ- 
ence between  the  results  of  Frohlich  and  Loewi  and  of  Bayliss.  In  this 
figure  the  curve  of  secretion  and  of  basal-flow  of  blood  and  of  salivary 
secretion  ehcited  by  short  periods  of  stimulation  of  the  chorda  tympani 
at  various  levels  of  blood  pressure  during  progressive  hemorrhage  are 
plotted.  The  period  of  stimulation  in  each  case  lasted  about  20  seconds. 
The  curve  beginning  on  the  abscissas  is  the  curve  of  secretion.  The 
other  is  the  curve  of  blood  flow.  The  horizontal  portion  preceding 
stimulation  of  the  chorda  tympani  represents  the  flow  of  rest  or  basal- 
flow  and  the  remaining  portion  the  secretory  or  super-basal  flow  of 
blood.  Record  A  was  obtained  during  normal  blood  pressure.  In 
record  D  the  pressure  had  fallen  to  about  40  mm.  Hg. 

From  the  work  of  Barcroft  we  know  that  during  secretion  water  ia 
abstracted  from  the  blood  flowing  through  the  gland.  As  the  basal- 
flow  of  blood  diminishes  with  decreasing  pressure  the  basal  and  super- 
basol-flow  of  blood  decrease  and  the  configuration  of  the  curves  changes 
in  a  way  indicative  of  this  abstraction  of  water,  for  it  will  be  noted  that 
in  the  final  stages  of  hemorrhage  the  flow  of  blood  during  secretion  is 
actually  less  than  the  flow  of  rest.  The  irregularities  of  the  cmves 
of  blood  flow  in  graphs  B  and  C  apparently  are  the  result  of  abstraction 
(d  water  from  the  blood,  but  only  when  the  blood  pressure  is  too  low 
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to  take  sufficient  advaDtage  of  the  dilatation  which  presumably  occurs, 
does  the  abstraction  of  water  reduce  the  flow  below  that  of  rest.  This 
reduction  gives  the  appearance  of  constriction. 

The  exceptions  to  the  proportionality  of  tissue  activity  and  volume- 
flow  of  blood,  therefore,  can  not  be  said  to  be  real,  but  figure  10  shows 
results  which  may  possibly  be  of  significance.  This  figure  shows  the 
effect  of  reducing  in  steps  the  strength  of  a  prolonged  and  continuous 
stimulation  of  the  chorda  tympani.    The  period  of  stimulation  lasted 


Fig.  9.  Relation  of  volume-floir  of  blood  to  secretion  during  progreanTe 
hemorriutge. 

approximately  7  minutes.  Figure  10,  A,  shows  the  usual  results  of 
such  a  procedure  and  figure  10,  B,  the  unusual  results.  In  figure  10,  A, 
it  will  be  noted  that  at  the  points  B,  C  and  D,  where  the  strength  of 
current  was  decreased,  volume-flow  of  blood  and  secretion  showed 
proportional  changes.  Not  so  in  figure  10,  B.  For  some  reason  the 
response  of  the  gland  to  the  same  procedure  was  strikingly  differmt. 
The  chorda  tympani  was  stimulated  at  A  and  the  strength  of  stimulation 
kept  constant  up  to  B.    During  this  period  the  usual  relations  betwera 
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volume-flow  of  'blood  and  secretion  obtain.    At  B  the  strength  of 
stimulation  was  suddenly  decreased  and,  barring  the  smaller  variations 


Fig.  10.  ElSect  of  BUddeoly  reducmg  in  steps  the  strength  of  a  prolonged  etimu* 
lation  of  the  chorda  tympani. 

in  rate  of  secretion,  there  was  little  if  any  change  of  rate.  On  the  other 
hand  the  volume-flow  of  blood  was  enormously  reduced — almost  to 
the  basal  flow  of  blood.    Though  the  strength  of  stimulation  and  rate 
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of  secretion  remained  constant  up  to  point  C,  the  fiow  of  blood  remained 
reduced  for  a  short  period  only,  coming  back  again  to  the  origin&l  auper- 
basal  flow.  Another  sudden  reduction  in  the  strength  of  stimuUtioD 
at  point  C  produced  the  same  results. 

It  is  exceedingly  interesting  that  the  reduced  volimie-flow  of  blood 
should  suddenly  accelerate  though  the  strength  of  stimulation  remained 
constant  between  the  points  of  sudden  diminution  of  strength  of  stimu- 
lation, to  reach  again  the  level  obtaining  between  A  and  B  where  the 
stimulation  is  considerably  stronger.  From  the  fact  that  the  volume- 
flow  of  blood  diminished  though  the  secretion  remuned  constaot,  H 
would  appear,  assuming  the  presence  of  dilator  fibers,  that  the  strength 
of  stimulation  was  reduced  below  the  threshold  of  these  fibers.  Whether 
the  subsequent  acceleration  of  volume-flow  of  blood  is  due  to  an  auto- 
matic lowering  of  the  threshold  of  stimulation  of  the  dilator  fibers 
resulting  from  accumulation  of  metabolites  or  whether  it  is  due  to  the 
direct  action  of  the  metabotities  on  the  vessels,  the  results  do  not  defi- 
nitely indicate.  They  do  show  a  lack  of  parallelism  between  metabo 
lism  and  volume-flow  and  accepting  the  absence  of  constrictor  fibers 
in  the  chorda  tympani  they  point  to  the  existence  of  dilator  fiben. 
The  value  to  be  placed  on  these  findings  depends  upon  the  significance 
we  can  attach  to  an  isolated  exception  of  this  Idnd.  It  should  be 
mentioned  in  this  connection  that  although  this  result  was  obtained  on 
only  one  animal  it  was  obtained  repeatedly. 


Hie  dependence  of  tissue  activity  on  volume-flow  of  blood  was  studied 
OD  the  submaxillary  gland  of  the  dt^ — 

o,  by  comparing  the  amount  of  secretion  obtained  during  periods  of 
normal  and  reduced  flow  of  blood; 

b,  by  noting  the  effect  of  decreased  flow  of  blood  upon  the  electrical 
deflections; 

c,  by  studying  the  aft«r-flow  of  blood  following  de-occlusion  of  the 
artery  immediately  following  tissue  activation.  (An  exaggerated  after- 
flow  of  blood  was  used  as  an  index  to  overstrain  of  the  tissue). 

Seduction  of  the  volume-flow  of  blood  during  a  short  period  of  stimu- 
lation of  the  chorda  tympani,  from  10  to  30  seconds,  did  not  decrease 
the  amount  of  secretion. 

The  glandular  processes,  however,  were  affected  by  such  procedure, 
for  the  electrical  deflections  were  invariably  altered. 
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Reduction  of  the  volume-flow  of  blood  during  a  period  of  more  intense 
stimulation,  but  also  of  short  duration,  although  it  did  not  reduce  the 
amount  of  secretion  elicited,  resulted  in  a  more  prolonged  flow  of  blood 
aa  well  as  an  altered  electrical  deflection. 

With  more  prolonged  stimulation  of  the  chorda  tympani  the  various 
glands  responded  differently  to  arterial  occlusion.  On  some  glands 
occlusion  of  the  artery  for  a  period  of  about  1  minute  was  without 
effect  upon  secretion,  while  in  others  a  noticeable  reduction  in  secretion 
occurred. 

The  temporary  independence  of  tissue  activity  of  volume-flow  of 
blood  as  evidenced  by  secretion  is  probably  apparent  only  and  is  due 
to  the  recovery  of  the  gland  between  periods  of  stimulation  and  to  the 
relative  independence  of  the  process  of  liberation  of  secretion  on  volume- 
flow  of  blood. 

The  dependence  of  tissue  activity  upon  flow  of  blood  is  better  shown 
by  reducing  the  flow  through  a  tissue  which  has  already  been  activated 
for  some  minutes,  that  is,  in  a  tissue  in  which  recuperation  and  activity 
are  going  on  hand  in  hand. 

Such  methods  showed  a  very  close  dependence  of  tissue  activity 
upon  volume-flow  of  blood.  The  results  substantiate  the  views  previ- 
ously published  on  the  significance  of  hemorrhage  and  reduced  flow 
of  blood  from  other  causes  in  the  onset  and  sustentation  of  the  condition 
of  traumatic  shock. 

Prolonged  stimulation  of  the  chorda  tympani  usually  produced  fluc- 
tuations in  secretion  during  the  period  of  stimulation :  first  a  rapid  secre- 
tion followed  by  a  decrease,  then  another  acceleration  giving  way  to  a 
final  decrease  at  the  end  of  stimulation.  Similar  fluctuations  were 
produced  by  a  short  period  of  stimulation  lastii^  only  a  small  part  of 
the  period  of  secretion.  Whether  the  stimulation  was  lor^  or  short, 
the  volume-flow  of  blood  and  the  secretion  ran  parallel  with  each  other. 
The  s^nificance  of  the  findings  is  discussed. 

The  close  parallelism  between  tissue  activity  and  volume-flow  of 
blood  offered  difBculties  in  demonstrating  definitely  the  existence  of 
dilator  fibers. 

One  experiment  showing  a  lack  of  this  parallelism  indicates  the 
presence  of  dilator  fibers  in  the  chorda  tympani. 

Data  are  presented  indicative  of  chemical  regulation  of  blood  flow. 

Experiments  are  cited  pointing  to  the  absence  of  constrictor  fibers 
in  the  chorda  tympani. 
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In  studying  the  electrical  deflections  of  the  submaxillary  gland  of  the 
dog  I  noted  ijiat  stimulation  of  the  chorda  tympani  produced  a  greater 
and  more  prolonged  after-flow  of  blood  when  the  sfdivary  duct  was 
obstructed  than  when  unobstructed  (see  figs.  4,  5  and  8).  In  so  far 
as  these  observations  aid  in  elucidating  the  mechanism  of  the  control 
of  volume^ow  of  blood  they  pertain  to  the  problem  of  papers  11,  III, 
IV,  VI  and  VIII  of  this  series.  The  observations,  however,  will  be 
considered  from  a  broader  point  of  view,  namely,  in  their  relation  to 
the  general  problem  of  the  physiolc^y  of  the  sfdivary  glands. 

The  data  will  be  discussed  under  the  following  heads: 

1.  Effects  of  ioeieMod  Balivaiy  preamre  upon  the  eleatrlcftl  deflections  of  the 
glutd. 

a.  Ocolueion  of  the  salivary  duct  during  secretion  elicited  by  the  injeetion  of 
pHocaipin. 

b.  Occlusion  of  the  duct  synchronous  with  secretion  elicited  by  the  stimulation 
of  the  chorda  tympani. 

c.  Backward  mjection  into  the  ssllvaiy  duet  of  the  resting  gland. 

2.  Effects  of  increased  salivaty  preasuie  upon  the  volume-flow  of  blood  through 
the  gland. 

a.  Occlusion  of  the  salivary  duct  during  secretion  elicited  by  the  injeotioii  of 
pilocarpiu. 

b.  Occlusionof  the  duct  synchronous  with  secretion  elicited  by  the  stimulation 
of  the  chorda  tympani. 

c.  Backward  injection  into  the  salivary  duct  of  the  resting  gland. 
3.  Effect  of  increased  salivary  pressure  upon  secretion. 

a.  Occlusion  of  the  duct  during  secretion  elicited  by  tlte  injection  of  piloeaipin. 

b.  Occlusion  of  the  duct  synchronous  with  secretion  elicited  by  stimulation  of 
tbe  chorda  tympani. 
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e.  Backward  injeotion  into  the  Balivary  duct  of  the  rating  glutd. 

d.  Effect  of  occlusion  of  the  duct  during  •ecretloa  elicited  bjr  the  stImuUtloa 
of  the  chorda  tympuii  upon  leeretion  elicited  by  subsequent  BtimuUtioii  o(  the 
chorda  tympuii  and  vago-sympathetic. 

t.  Effect  of  backward  Injection  in  the  resting  gland  upon  subsequent  seeretion 
elicited  by  stimulation  of  the  chorda  tympani  or  vi^o-qmipaUietia  before  and 
after  strop  inisation. 

1.  EFFECTS  OF  INCBBA8ED  SALITAXT  PBESSITBB  UPON  THE  KLKCTRtCAL 
DBFLECnONS  OF  THE  QLAND 

a.  Ocdusion  of  the  dua  during  secretion  dieUed  by  the  injection  of 
pilocttrpin.  When  the  submaxillary  gland  is  activated  by  the  mjectioo 
of  pUocarpin  a  definite  electrical  deflection  occuia  and  when  the  aecretioD 
approaches  a  coDstant  rate  the  two  electrodes  tend  ^ain  to  i"""""  a 
constant  difference  of  potential  as  is  evidenced  by  the  horizontal  direc- 
tion of  the  recorded  electrical  deflection.  If  the  salivary  duct  is  now 
occluded  a  typical  disturbance  of  this  equilibrium  occurs  which  is 
shown  ia  figure  1,  A,  B,  C,  D  and  E.  The  first  effect  of  occlusion  was 
an  upward  deflection  which  gave  way  in  a  few  seconds  to  a  downward 
deflection.  De-occluaion  produced  the  reverse  effect.  The  downward 
deflection  accompanying  occlusion  was  suddenly  accelerated  and 
changed  as  suddenly  into  an  upward  deflection.  The  contour  of  the 
deflection  differed  considerably  from  time  to  time  and  from  animal  to 
animal  as  is  obvious  from  figure  1,  A,  B,  C,  D  and  E,  yet  the  four  phases 
were  present  in  all.  The  electrical  deflection  elicited  by  occlusion  and 
de-occlusion  of  the  duct  may  therefore  be  looked  upon  as  more  or  less 
accurately  indicating  the  sequence  of  certain  glandular  processes  set 
up  by  these  procedures. 

b.  Occlusion  of  the  talivary  duct  synchronous  with  seeretion  didted 
by  the  stimulation  of  the  chorda  tympani.  If  the  chorda  tympani  is 
stimulated  at  regular  intervals  with  stimuli  of  equal  strength  and  dura- 
tion equal  amounts  of  saliva  may  be  elicited  and  electrical  deflections 
of  the  same  contour  may  be  obtained,  provided,  the  period  of  rest  inter- 
vening between  stimulations  is  of  such  duration  as  to  prevent  the  aug- 
menting effect  of  previous  excitation.  When  such  constant  results 
were  obtained  it  was  found  that  occlusion  of  the  sahvafy  duct  along 
with  stimulation  of  the  chorda  tympani  produced  a  definite  change 
in  the  electrical  deflection  aa  is  seen  in  figures  2  and  3.  These  figures 
show  five  sets  of  observationa — 2,  A,  B  and  C,  and  3,  A  and  B.  In 
any  single  set  of  observations  the  chorda  tympani  was  stimulated  at 
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equal  intervals  of  time  with  equal  strengtli  of  stimulation  and  the  duct 
occluded  equal  lengths  of  time.  But  in  the  different  sets  of  observations 
the  periods  and  strength  of  stimulation,  the  periods  of  rest  and  of 
occlusion  of  the  duct  were  variable.    This  variability  must  in  part 


Fig.  1 


account  for  the  differMicee  of  the  deflections.  Bearing  the  variability 
of  the  conditions  of  the  experiments  in  mind  it  is  quite  remarkable 
that  the  changes  in  contour  produced  by  occlusioD  of  the  duct  should 
be  as  tmifonn  as  tb^  are. 
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Prolongation  of  the  electrical  disturbance  is  a  point  more  or  less 
common  to  the  observations  in  which  occlusion  of  the  duct  occurred. 
This  prolongation  is  associated  with  a  prolongation  of  the  norma)  period 
of  secretion.  Other  characteristics  conunon  to  many  of  the  modified 
deflections  are  the  notch  and  the  elevation  of  the  base  line.  To  be 
sure  there  are  some  dissimilarities  in  the  deflections  of  different  groups 
of  observations,  yet  in  any  single  set  of  observations  repeated  occlusion 
produced  changes  in  the  deflections  so  nearly  alike  that  here  again  the 
deflections  seem  to  indicate  with  considerable  exactness  the  sequence 
of  glandular  processes. 

In  some  instances  de-occlusion  of  the  duct  produced  a  downward 
deflection  similar  to  that  associated  with  de-occlusion  diuing  secretion 
from  the  injection  of  pilocarpin.  But  it  is  obvious  that  the  deflection 
as  a  whole  showing  the  effects  of  occlusion  and  de-occlusion  cannot  be 
compared  to  advantage  with  the  deflections  obtained  by  occlusion  and 
de-occlusion  during  secretion  from  the  injection  of  pilocarpin,  for  in 
one  instance  the  deflection  is  a  result  of  a  change  in  secretion  already 
in  progress  and  in  the  other  it  is  a  resultant  of  the  activation  of  the 
resting  gland  and  the  obstruction  of  the  secretion  formed. 

c.  Backward  injection  inlo  the  ardivary  duct  of  the  retting  gland.  The 
backward  injection  of  saline  or  gum-saline  produced  deflections  com- 
parable to  those  elicited  by  occlusion  of  the  duct  during  active  secretion 
elicited  by  the  injection  of  pilocarpin.  Such  deflections  are  shown  in 
figure  1,  F,  G  and  M.  The  injection  produced  an  upward  defiection 
followed  by  a  downward  deflection.  Cessation  of  the  backward  in- 
jection was  associated  with  a  downward  deflection  followed  by  ao  up- 
ward deflection.  The  general  contour  of  the  deflection,  to  be  sure, 
differs  from  that  produced  by  occlusion  during  active  secretion,  yet 
the  four  phases  are  present.  It  is  of  interest  to  note  here  that  atropini- 
zation  apparently  does  not  influence  the  effects  of  backward  injection 
upon  electrical  deflections. 

2.  EFFECTS  OF  INCBEASED  SALIVABT  PREBBUBB  UPON  THE  VOLCUE}-FLOW 
OF  BLQPD  TESOnOH  TBE  QLAND 

a.  Oedution  of  the  etUivary  ditet  during  gecr^ion  dicited  by  the  in- 
jection of  jnlocarpin.  Occlusion  of  the  salivary  duct  during  secretion 
resulting  from  the  injection  of  pilocarpin  as  a  rule  retarded  the  flow 
of  blood  during  the  period  of  occlusion,  as  is  shown  in  figure  5,  A.  On 
de-occlusion  the  flow  accelerated  again  to  reach  or  surpass  the  flow 
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preceding  occlusion.  The  de-occlusion  flow  of  blood  in  figure  5,  A, 
only  approximated  the  pre-occluaion  flow,  but  in  consideration  of  the 
fact  that  the  volume-flow  of  blood  as  a  rule  is  proportional  to  the 
activity  of  the  gland  and  of  the  fact  that  the  de-oecluaion  secretion 
was  considerably  slower  than  the  pre-occlusion  secretion,  the  results 
suggest  that  even  in  this  observation  occlusion  in  reaUty  produced  an 
accelerated  aftef-flow  of  blood. 


Fig.  4 

b.  Oedushn  of  the  duct  aj/Tiehronous  with  secretion  dieited  by  stimu- 
lation of  the  chorda  ttfmpani.  The  above  results  are  substantiated  by 
the  universally  accelerated  after-flow  of  blood  noted  on  de-occlusion 
of  the  duct  after  occlusion  synchronous  with  secretion  elicited  by  stimu- 
lation of  the  chorda  tympani  (see  figs.  4  and  6).  A  comparison  of 
record  B  of  figure  6,  in  which  occlusion  of  the  duct  occurs,  with  records 
A  and  C,  in  which  there  was  no  occlusion  of  the  duct,  shows  the  ac- 
celerated flow  of  blood.  The  results  of  two  such  experiments  are 
plotted  in  figure  4  in  which  secretion  (solid  black)  and  volume-flow 
of  blood  (single  line)  are  plotted  on  the  ordinates  against  time  in  minutes 
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on  the  abscissas.  The  duratkni  of  stimulation  of  the  chorda  tympani 
is  marked  by  the  rectangle  near  the  abscissas  at  the  b^inuing  of  the 
record.  The  extra-flow  of  blood  elicited  when  the  duct  was  occluded 
greatly  exceeded  the  extra-flow  occurring  when  the  duct  was  not  oc- 
cluded. Though  the  two  experiments  represented  in  this  figure  show 
little  reduction  of  the  flow  of  blood  during  the  occlusion  of  the  duct,  such 
slowing  not  infrequently  occurred,  in  agreement  with  the  resuHs  pro- 
duced by  occlusion  of  the  duct  durii^  secretion  elicited  by  the  injection 
of  pilocarpin. 

e.  Badcivard  injeetion  xtOo  the  salivary  dud  of  the  re^ng  gloTid.  Back- 
ward injection  into  the  salivary  duct  of  the  resting  gland  produced 
comparable  resuhs  to  those  obtained  by  increasing  the  salivary  pressure 
in  the  two  ways  discussed  above  (see  fig.  5,  B  and  C).  During  the 
period  of  increased  sfdivary  pressure  the  flow  of  blood  was  greatly 
reduced.  On  cessation  of  injection,  which  is  indicated  by  the  salivary 
record,  the  vohime-flow  of  blood  accelerated  to  remain  accelerated  for 
several  minutes  above  the  basal-^ow  of  blood  preceding  injection. 

3.   EFFECT  OF  IKCREASED  SALIVART  PRESSURE  UPON  SECRETION 

a.  Oedufum  of  Vu  duct  during  secretion  elicited  by  the  injection  of 
pHocorpin.  De-occlusion  of  the  salivary  duct  after  occlusion  during 
secretion  elicited  by  the  injection  of  pOocarpin  was  followed  by  a 
momentary  rapid  acceleration  of  secretion  which  within  a  few  sectmds 
usually  gave  way  to  a  rate  of  secretion  below  that  obtaining  before 
occlusion  (see  fig.  5,  A).  How  much  of  the  momentary  accelerated 
secretion  was  due  to  the  emptying  of  distended  ducts,  to  the  passage 
of  saliva  which  escaped  into  the  tissue  spaces  back  into  the  ducts,  to 
the  hberation  of  secretion  accumulated  in  the  cells  themselves  due  to 
failure  to  overcome  the  increased  salivary  pressure  in  the  ducts,  the 
experiments  do  not  show.  The  retarded  secretion  following  de-occlu- 
sion su^ests  some  form  of  tissue  damage  resulting,  possibly,  from  back- 
ward filtration.  The  effect  which  occlusion  of  the  duct  has 'upon  the 
rate  and  amount  of  secretion  following  de-occlusion  depends  laigely 
upon  the  duration  of  occlusion,  the  rate  of  the  pre-ocdusion  secretion 
and  the  variability  common  to  the  glands  themselves.  Some  saUva  is 
always  unaccoimted  for  in  the  compensatoiy  secretion. 

b.  Ocdttaion  of  the  dud  aynckronous  wiOt  aeeretion  elieited  by  ttimu- 
laHon  of  the  chorda  tympani.  Occlusion  of  the  salivary  duct  during 
stimulation  of  the  chorda  tympani  followed  by  subsequent  de-occlunon 
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produced  variable  results,  depending  again  upon  the  rate  of  eecretioii 
elicited  by  Btimulation,  the  duration  of  occlusion  of  the  duct  and  the 
peculiar  reaction  of  the  gland  itself.  Various  results  from  several 
ftnimftls  are  shown  in  figures  2  and  3.  The  records  in  each  case  are 
arranged  in  their  proper  sequ^ice.  Figure  2,  A  and  B,  which  is  com- 
piled from  two  different  animals,  shows  the  effects  of  prolonged  occlnaion 
of  a  copious  secretion  and  a  momentary  occlusion  of  a  scant  secretion. 
In  ^;ure  2,  A  the  chorda  tympani  was  stimulated  at  regular  intervals 
of  4  minutes  with  a  constant  strength  of  stimulation  lasting  16  seconda. 
With  the  duct  unobstructed  each  stimulation  elicited  16  drops  of  secre- 
tion as  is  shown  in  the  first  record  of  that  series.  In  the  following  two 
records  where  the  duct  was  occluded  for  2.5  minutes  13  drops  of  saliva 
were  secreted  following  de~occluaion,  that  is,  only  3  drope  of  secretion 
were  lost.  In  the<Gn&l  control  when  the  duct  was  unoccluded  16  drope 
were  again  elicited.  In  the  following  record,  2,  B,  a  scant  secretion  of 
only  3  drops  of  secretion  was  elicited  by  a  relatively  weak  stimulus 
lasting  5  seconds.  The  duct  was  occluded  only  10  seconds.  It  will 
be  noted  that  occlusion  of  such  scant  secretion  for  only  10  seconds 
resulting  in  a  loss  of  about  13  per  cent  of  the  secretion  and  producing 
a  definite  change  in  the  electrical  deflection,  stands  in  striking  contrast 
to  the  loss  of  only  3  drops  out  of  a  larger  total  of  16  drops  of  secretitHi 
obstructed  for  2.5  minutes.  The  results  in  figure  2,  B  indicate  that 
the  storage  capacity  of  the  ducts  of  a  gland  weighing  approximately 
7  gm.  may  be  Httle  over  2  drops  and  that  if  an  amount  greater  than 
2  drops  is  obstructed,  enough  back  pressure  may  be  developed  to  inter- 
fere with  further  secretion.  If  that  is  true,  where  were  the  13  drope  of 
the  experiment  represented  ia2,A  stored? 

c.  Backward  injection  into  the  aalivary  duct  of  the  retting  gland.  An 
index  to  the  capacity  of  the  ducts  as  it  pertains  to  this  problem  may 
be  indicated  by  the  after-flow  of  secretion  following  backward  injection 
of  gum-ealine  in  the  resting  gland.  When  a  small  amount  of  fluid 
was  injected  and  then  retained  by  occlusion  of  the  duct,  subsequent 
de-ocduoon  within  40  to  80  seconds  was  usually  followed  by  several 
drope  of  aftepdow.  Not  infrequently  there  was  no  aft^^^ow  what- 
ever; but  the  usual  flow  of  2  to  4  drops  suggests  again  that  the  ducta 
may  accommodate,  for  a  short  time  at  least,  approximately  3  drope 
of  sahva. 

d.  Effect  of  ocdumon  of  the  dud  during  secretion  dicited  by  the  atimu- 
laOon  of  Vie  chorda  tympani  upon  eecretion  elieited  by  mJiaequerU  itimu- 
UUion  of  the  chorda  tympani  and  the  vago  sympathetic.    The  effects  of 
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OGclufiicm  of  the  duct  during  eecretioD  elicited  by  the  stimulation  of  the 
chorda  tympaoi  upon  secretion  elicited  by  subsequent  stimutatioD  of 
the  chorda  tympani  and  vago  sympathetic  are  shown  in  figure  6.  This 
figure  gives  the  results  of  two  sets  of  observations,  A-D  and  W-Z. 
The  record  of  the  first  set  shows  secretion  and  volume-flow  of  blood; 
the  record  of  the  second  set  electrical  deflections  as  well.  The  chorda 
tympani  was  stimulated  at  regular  intervals  with  stirauU  of  equal 
strength  and  duration.  Equal  amounts  of  secretion  were  elicited  with 
each  stimulation  under  normal  conditions.  During  one  such  period 
of  stimidation  the  salivary  duct  was  occluded  and  the  effect  upon  the 
subsequent  stimulation  noted.  In  record  A  a  total  of  12  drops  of 
saliva  was  secreted.  Since  3  of  these  drops  were  secreted  slowly' after 
the  cessation  of  stimulation,  only  7  drops  were  rapidly  secreted  durii^ 
the  period  of  stimulation.  In  record  B  the  duct  was  occluded  during 
stimulation  of  the  chorda  tympani  and  several  minutes  after  stimidation 
the  duct  was  de-occluded  whereupon  only  one  drop  of  saliva  fell  from 
the  cannula.  Next,  record  C,  the  chorda  tympani  was  stimulated  with 
the  duct  de-occluded;  13  drops  of  saliva  were  secreted,  of  which  11 
drops  appeared  within  the  lO-second  interval  of  stimulation.  In  record 
D,  the  final  control,  6  drops  of  saUva  were  secreted  rapidly.  It  follows 
from  these  results  that  occlusion  of  the  duct  during  secretion  increased 
the  subsequent  secretion  by  4  or  5  drops. 

The  augmenting  effect  of  occlusion  upon  secretion  is  shown  still 
better  in  observations  W,  X,  Y  and  Z,  due  to  the  fact  that  after-secretion 
was  absent.  In  record  W  stimulation  of  the  chorda  tympani  for  a 
period  of  10  seconds  elicited  4  drops  of  saliva.  In  record  X  the  duct 
was  occluded  during  stimulation.  A  rapid  flow  of  blood  occurred. 
There  was  no  flow  of  sahva  on  de-occlusion  of  the  duct.  In  the  follow- 
ing record,  Y,  stunulation  elicited  8  drops  of  saliva  or  double  the  amount 
in  record  W.  In  the  final  control  approximately  3  drops  were  again 
secreted.     Note  the  electrical  deflections. 

The  effects  of  occlusion  of  the  salivary  duct  during  secretion  elicited 
by  stimulation  of  the  chorda  tympani  on  subsequent  secretion  elicited 
by  stimulation  of  the  vago  sympathetic  appear  to  be  identical  with 
those  just  described  (see  fig.  7).  The  lower  broken  line  on  which  time 
is  marked  in  seconds  indicates  when  the  chorda^ympani  was  stimulated 
and  the  upper  line  when  the  vago-eympathetic -was  stimulated.  The 
results  of  alternate  stimulation  of  the  chorda  tympani  and  vago-sympa- 
thetic  without  occlusion  of  the  duct  are  shown  in  the  upper  tracing; 
with  occlusion,  in  the  lower  tracings.    Without  previous  occlusion  of 
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the  duct  BtimulatioD  of  the  vago-sympathetic  elicited  a  stow  scanty 
secretion  of  only  3  drops,  but  with  previous  occlusion  a  aecretion  of 
8  drops. 


D 


Fig.  8 

e.  Effect  of  backward  injecUon  in  the  resting  gland  upon  aub^quent 
secretion  elicited  by  the  atimidation  of  the  chorda  tympant  or  vago-»ympa- 
ihetic  before  and  after  atrapinixation.  When  equal  amounts  of  saliva 
were  elicited  at  regular  intervals  by  equal  stimulation  and  gum-saline 
was  then  momentarily  injected  into  the  duct,  it  was  found  that  stimu- 
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latioQ  (tf  the  chorda  tympani  1  to  5  minutes  followii^  the  injection 
elicited  a  greater  amount  of  secretion  and  that  the  latent  period  of 
secretion  was  reduced  by  several  seconds.  The  same  reduction  in 
latent  period  was  noted  when  stimulation  of  the  chorda  tympani  was 
preceded  by  occlusion  of  the  duct  during  secretion  elicited  by  stimulation 
of  the  chorda  tympani. 

The  experiment  represented  in  figure  8  shows  the  effect  of  atropin 
upon  the  results  described  above.  In  record  A,  the  first  stimulation 
of  the  chorda  tympani  elicited  3  drops  of  saliva.  FoDowing  that  stimu- 
lation 1  mgm.  of  atropin  was  injected  intravenously.  This  effectively 
paralyzed  the  chorda  tympani  for  the  prevailing  stimulus,  as  is  shown 
by  the  absence  of  secretion  with  the  second  stimulation.  Gum-saline 
was  then  injected  backwards  through  the  duct  into  the  gland  and  the 
duct  de-occluded  within  a  minute.  The  next  stimulation  elicit«d  2 
drops  of  secretion  though  the  subsequent  stimulation  was  ineffective. 
In  record  B,  a  continuation  of  the  experiment,  the  chorda  tympani  and 
vago-^mpathetic  were  simultaneously  stimulated  producing  2  drops 
of  secretion.  The  accelerated  volume-fiow  of  blood  shortly  following 
was  a  result  of  the  injection  of  11  mgm.  of  atropin.  Stimulation  of  the 
vago-ciympathetic  following  that  injection  in  record  C  was  ineffective 
so  far  as  secretion  is  concerned,  but  reduced  the  fiow  of  blood.  In 
record  D,  gum-saline  was  injected  into  the  duct  between  the  breaks  on 
the  time  record.  One  drop  left  the  cannula  on  de-occlusion.  Subse- 
quent stimulation  of  the  vago-sympathetic  yielded  4  drops  and  final 
stimulation  none.  Similar  results  have  been  obtained  after  the  intra- 
venous injection  of  350  mgro.  of  atropin. 


From  the  work  of  Lai^ley  we  know  that  during  rest  some  of  the 
constituents  of  saUvary  secretion  are  elaborated  and  stored  ready  for 
subsequent  secretion.  It  appears  that  even  after  the  glandular  cells 
are  well  stocked  with  zymt^n  granules,  secretion  may  yet  occur  in 
two  definite  stages,  final  elaboration  followed  by  ultimate  hberation. 
Various  observations  point  in  that  direction,  e.g.,  the  observation  of 
Langley  on  the  augmenting  effect  of  stimulation  of  the  chorda  tympani 
upon  the  secretion  eUcited  by  subsequent  stimulation  of  the  sympathetic 
fibers.  Stimulation  of  the  chorda  tympani  too  weak  to  eUcit  secretion 
may  produce  a  definite  electrical  deflection.  In  the  preceding  paper 
it  was  noted  that  a  gland  subjected  to  a  subnormal  flow  of  blood  failed 
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to  secrete  during  the  period  of  stimulation  of  the  chorda  tjnnpaiii, 
whereas  it  secreted  20  to  30  seconds  after  cessation  of  stimulation  when 
the  flow  of  blood  through  the  gland  was  suddenly  accelerated.  Th« 
observation  in  the  present  paper,  that  a  gland  may  continue  to  secrete 
for  a  period  of  4  or  5  minutes  after  the  cessation  of  stimulation,  as  is 
shown  in  the  de-occlusion  experiments,  is  likewise  of  significaace;  as 
is  also  the  fact  that  injection  of  atropin  in  amounts  sufficient  under 
usual  experimental  conditions  to  paralyse  the  secretory  endings  of  tiie 
chorda  tympani,  fails  to  prevent  a  discharge  from  the  gland  on  stimu- 
lation of  the  chorda  tympani  after  a  previous  injection  of  gum-saUoe 
into  the  duct  of  the  gland. 

Unfortunately  we  do  not  understand  the  reaction  of  the  gland  to 
increased  saUvary  pressure.  The  fact  that  a  storage  of  more  than  2 
drops  of  saliva  in  the  ducts  embarrasses  the  gland  and  that  13  drops 
of  saliva  may  be  secreted  after  the  duct  is  occluded  for  a  period  of  2.5 
minutes  indicates  that  at  least  not  all  of  the  after^«ecretion  foUowing 
de-ocdufflon  is  due  to  an  expression  of  saliva  contained  within  ttte  dis- 
tended ducts.  The  slowness  of  the  secretion  would  also  speak  against 
this.  Yet  we  have  some  evidence  pointing  to  the  contractility  <rf  the 
sahvaiy  ducts;  for  example,  when  the  gland  is  secreting  at  an  even  rate 
as  a  result  of  an  injection  of  pilocarpin,  a  short  stimulation  of  the  chorda 
tympani  results  in  a  momentary  acceleration  of  secretion  followed  by 
a  compensatory  slowing  which  in  ttun  gives  way  to  a  rate  i^proaching 
the  initial  rate. 

We  know  that  when  secretion  occurs  against  a  high  resistance  much 
of  the  saliva  is  filtered  backward  into  the  interspaces  of  the  gland. 
The  extreme  slowness  of  secretion  in  certain  instances  following  dfr 
occlusion  of  the  duct  suggests  the  passage  of  this  saliva  back  into  ihe 
ducts.  So  far  as  I  know  we  have  no  evidence  that  an  increased  salivaiy 
pressure  results  in  filtration  of  saliva  back  into  the  secreting  cells  them- 
selves or  prevents  the  liberation  of  saliva  which  is  already  in  these  cells. 
Since  "secretion"  may  be  elicited  following  backward  injection  after 
atropinisation  sufficient  to  paralyse  secretion,  there  is  the  poenbility 
that  under  more  normal  conditions  fluid  is  filtered  backward  into  the 
cells,  this  fluid  being  later  liberated.  A  part  of  the  excess  fluid  within 
the  cells  may  be  Uberated  by  a  passive  mechanism  on  the  reduction 
of  the  salivary  pressure  accompanying  de-occlusion,  but  the  passive 
mechanism  may  not  be  sufficient  to  liberate  all  <^  the  excess  fluid  or 
secretion  and  this  may  then  be  actively  liberated  upon  stimulation  of 
the  chorda  tympani.    It  seems  not  improbable  that  this  active  libera- 
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tion  may  be  the  result  of  active  contraction  of  certtun  constituents 
of  the  secreting  cells  themselveB.  This  problem  needs  further  investi- 
gation and  will  be  reported  upon  later.  The  results  so  far  indicate 
only  that  atropin  in  certain  stages  of  atropinization  paralyzes  primarily 
the  function  of  elaboration  of  secretion  leaving  the  function  of  liberation 
more  or  less  intact. 

As  to  the  nature  of  the  changes  in  volume-flow  of  blood  produced  by 
increased  salivary  pressure  we  can  say  that  they  are  not  of  a  central 
reflex  origin  if  all  the  vasomotor  nerves  to  the  gland  run  in  the  chorda 
tympani  and  vago-sympathetic,  for  these  changes  in  flow  occurred  after 
section  of  both  nerves.  The  decreased  flow  obtaining  durii^  the  period 
of  increased  pressure  may  well  be  a  mechanical  effect  of  compression 
of  the  capillaries  and  venules,  for  it  obtuns  during  stimulation  of  the 
chorda  tympani  when  the  factors  normally  producing  dilatation  are 
at  work,  as  well  as  when  the  gland  is  at  rest.  On  de-occlusion  of  the 
duct  the  compressing  pressure  vani^es  and  the  flow  of  blood  not  only 
returns  to  normal  but  greatly  exceeds  the  normal.  When  this  acceler- 
ated flow  was  first  noticed  with  occlusion  accompanying  stimulation 
of  the  chorda  tympani  it  was  thought  that  possibly  more  energy  was 
required  for  secretion  against  a  high  pressure  and  that  the  accelerated 
flow  of  blood  supplied  this  needed  energy.  The  accelerated  flow  result- 
ing from  backward  injection  into  the  duct  of  the  resting  gland  is  con- 
tradictory to  this  view.  The  accelerated  flow  does  not  seem  to  be  due 
to  a  specific  chemical  irritation  of  the  saliva  itself  for  it  occurs  after 
injection  of  inert  solution,  such  as  saline  and  gum-saline.  Whether  a 
backward  filtration  into  the  secreting  cells  would  bring  about  increased 
volume  flow  of  blood  we  do  not  know.  The  only  su^estion  we  have 
at  present  to  account  for  the  accelerated  flow  is  the  tissue  damfl^ 
resulting  from  backward  filtration  into  the  tissue  spaces  and  possibly 
into  the  cells  themselves. 


Occlusion  of  the  duct  of  the  Submaxillary  gland  of  the  dog  durii^ 
secretion  elipited  by  the  injection  of  pilocarpin  produced  characteristic 
electrical  deflections. 

Injection  of  gum-saline  into  the  duct  produced  somewhat  comparable 
deflections. 

Occlusion  of  the  duct  along  with  stimulation'  of  the  chorda  tyinpaui 
modified  in  a  more  or  less  typical  way  the  usual  electrical  deflection 
obtained  by  stimulation  when  the  duct  was  not  occluded. 
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Occlusion  of  the  salivary  duct  during  secretion  elicited  to^  the  injec- 
tion of  pilocarpin  retarded  the  flow  of  blood.  The  after^ow  (A  blood 
was  at  times  accelerated. 

Backward  injection  of  gum-saline  into  the  salivary  duct  <rf  the  resting 
gland  retarded  the  flow  of  blood  during  the  period  of  increased  pressure. 
Release  of  that  pressure  resulted  in  an  accelerated  flow  c^  blood  at 
times  lasting  many  minutes.   , 

Occlusion  of  the  duct  during  secretion  elicited  by  stimulation  of  the 
chorda  tympani  frequently  retarded  the  flow  of  blood.  De-occhisiaD 
was  followed  by  a  markedly  accelerated  after-flow  of  blood. 

De-occlusion  of  the  sahvaiy  duct  during  secretion  ehcited  by  the 
injection  of  pilocarpin  was  followed  by  a  short  period  of  accelerated 
secretion.  This  accelerated  secretion  never  compensated  fully  the 
absence  of  secretion  durii^  ^e  period  of  occlusion. 

De-occlusion  of  the  duct  several  minutes  subsequent  to  injection  of 
gum-ealine  into  the  duct  was  followed  by  an  after-flow  from  the  duct 
of  0  to  4  drope. 

Occlusion  of  the  s^vary  duct  along  with  stimulation  of  the  chorda 
tympani  was  followed  upon  de-occlusion  by  a  secretion  lees  in  amount 
than  that  normally  ehcited  with  the  duct  unoccluded.  The  amount 
of  saUva  unaccounted  for  varied  considerably  with  the  animal,  the 
duration  of  occlusion  and  the  amount  of  secretion  ot^ructed. 

DeKKclusion  of  the  duct  after  obstructing  for  several  minutes  a 
tanporary  secretion  ehcited  by  stimulation  of  the  chorda  tympani  may 
be  followed  by  a  slow  secretion  lasting  4  to  5  minutes. 

Occlusion  of  the  duct  during  secretion  ehcit«d  by  the  stimulatioD 
of  the  chorda  tympani  increased  the  amount  of  s^va  elicited  by  subse- 
quent stimulation  of  the  chorda  tympani  or  vago-sympatbetic.  The 
latent  period  of  secretion  was  also  reduced  by  several  seconds. 

Backward  injection  of  gum-ealine  into  the  resting  gland  increased 
the  amount  of  secretion  el'cited  by  subsequent  stimulation  of  the  chorda 
tympani  or  vago-sympathetic  and  reduced  the  latent  period  of  secretion. 

Injection  of  atropin  sufficient  to  check  secretion  elicited  by  the  stimu- 
lation of  the  chorda  tympani  or  vago-eympatbetic  may  fail  to  prevent 
secretion  with  similar  stimulation  after  backward  injection  into  the 
sahvary  duct. 

If  all  the  nerve  fibers  reaching  the  submaxillary  gland  run  in  the 
chorda  lingual  and  vago-sympathetic  the  changes  in  volume-flow  of 
blood  resulting  from  increased  saUvary  pressure  are  not  of  a  central 
reflex  origin. 
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The  decreased  volume-flow  of  blood  during  the  period  of  increased 
salivary  pressure  is  probably  due  to  mecbanical  occlusion  of  the  capil- 
laries or  venules. 

It  is  suggested  that  the  accelerated  flow  of  blood  following  de-occlu- 
GDon  is  a  result  of  tissue  dam^e  from  backward  filtration  into  the  tissue 
spaces,  and  possibly  into  the  cells  themselves. 

The  effects  of  occlusion  of  the  duct  upon  secretion  elicited  by  stimu- 
lation of  the  chorda  tympani  su^ests  that  secretion  may  occur  in  two 
definite  stages.  The  effects  of  atropin  on  augmented  secretion  follow- 
ing backward  injection  of  gum-saline  into  the  duct  suggests  the  same 
inference. 
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When  the  chorda  tympani  is  stimulated  definite  efFects  are  produced 
in  the  submaxillary  gland  among  which  are:  secretion  of  saliva,  an 
augmented  flow  of  blood,  a  change  in  the  electrical  condition  of  the 
gland  and  an  accelerated  oxidation.  This  paper  considers  briefly  some 
of  the  effects  of  the  intravenous  injection  of  stropin  upon  these  processes. 

The  work  is  a  continuation  of  the  study  of  electrical  deflections  of 
the  submaxillary  gland  and  has  a  bearing  upon  the  problems  of  vaso- 
motor control.  In  paper  II  of  this  series  (1)  the  nature  of  the  electrical 
deflections  elicited  by  stimulation  of  the  chorda  tympani  was  discussed. 
It  was  pointed  out  that  such  factors  as  the  type  of  lead,  the  strength 
and  duration  of  stimulation,  the  period  of  rest,  etc.,  all  influence  the 
kind  of  deflection  obtained.  It  is  essential  then  to  keep  these  factors 
in  mind  in  connection  with  the  effects  which  atropin  produces  upon 
electrical  deflections  elicited  by  stimulation  of  the  chorda  tympani. 

We  know  from  the  work  of  others  the  effect  which  atropin  has  up(« 
secretion  of  saliva.  These  effecta,  when  noted  in  this  work  will,  there- 
fore, be  discussed  only  in  their  connection  with  the  changes  in  volume- 
flow  of  blood,  the  electrical  condition  of  the  gland  and  oxidations. 

Atropin  influences  the-  electrical  response  of  the  gland  profoundly 
as  was  shown  by  Bayhss  and  Bradford  (2) .    I  have  obtained  like  results. 

Figure  1  shows  the  effect  of  the  injection  of  1.5  mgm.  of  atropin. 
Record  A,  shows  the  effects  of  stimulation  of  the  chorda  tympani  with 
both  vago^ympathetics  intact  before  the  injection  of  atropin.  Record 
D,  shows  the  effects  of  stimulation  after  double  vsgo-section  and  atro- 
pinisation.  Records  B  and  C,  show  the  effects  of  section  of  the  left 
and  right  vago-sympathetics  respectively.  Atropinization  abolished 
20t 
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both  the  secretion  and  the  electrical  deflection  elicited  by  BtimuUtkm 
of  the  chorda  tympani,  and  from  records  B  and  C,  it  is  apparent  that 
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volume-flow  of  blood  per  se  was  of  little  if  any  significance  in  tiie  de- 
vdopm^it  of  electrical  changes.  In  record  A,  where  the  Tolumfr4ow 
of  blood  was  least  affected  the  laigest  electrical  deflection  occurred,  and 
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in  recorde  C  and  D,  wtere  the  flow  was  enormously  accelerated,  both 
passively  and  actively,  there  was  practically  no  change  in  the  electrical 
deflection. 

Figure  2  shows  the  effects  of  repeated  injections  of  small  amounts  of 
atropin,  each  injection  occurring  several  minutes  before  stimulation 
of  the  chorda  tympani.  The  amounts  injected  are  noted  on  the  record 
— the  upper  figure  represents  the  amount  injected  prior  to  stimulation 
and  the  lower  figure  the  total  amount  injected  at  that  moment.  In 
record  A,  before  the  injection  of  any  atropin,  stimulation  of  the  chorda 
tympani  elicited  a  copious  secretion,  a  copious  flow  of  blood  and  a 
lai^  electrical  deflection.  In  record  B,  after  the  injection  of  1  n^m. 
of  atropin,  similar  stimulation  elicited  approximately  the  same  flow 
of  blood  but  the  secretion  was  reduced  to  only  ^  drop  and  the  electrical 
deflection  was  nearly  abolished.  The  injection  of  another  milligram 
of  atropiu  before  record  C,  although  exerting  no  further  visible  effect 
upon  the  volume-flow  of  blood,  paralyzed  secretion  and  abolished  the 
electrical  deflection.  The  subsequent  records  followed  the  injections 
of  4,  7,  9  and  50  mgm.  of  atropin  respectively.  The  electrical  response 
of  the  gland  continued  to  be  absent,  at  least  the  deflections  which  oc- 
curred during  the  period  of  stimulation  of  the  chorda  tympani  were 
no  greater  than  those  which  occurred  during  the  periods  of  rest.  At 
times  the  accelerated  flow  of  blood  resulting  from  .stimulation  of  the 
chorda  tympani  was  reduced  by  the  injection  of  atropin  as  is  apparent 
from  acarefulcomparisonof  records  A  and  £  of  figures.  It  is  of  interest 
to  note  in  connection  with  figure  2  that  alth<)ugh  the  accelerated  super- 
basal  flow  of  blood  was  slightly  reduced,  the  after-flow  was  greatly 
prolonged  so  that  the  sum  total  of  the  effects  was  a  greater  superbaaal 
flow  for  equal  stimulation  after  the  administration  of  atropin.  Note 
that  in  the  lower  records  the  basal  flow  of  blood  is  considerably  ac- 
celerated. The  acceleration  was  not  due  to  a  rise  of  blood  pressure. 
It  occurred  after  section  of  the  chorda  tympani  and  the  vago-sympa- 
thetic  and  therefore  was  peripheral  in  origin. 

Figures  3,  4  and  5  show  results  of  other  experiments.  Id  figure  3, 
the  administration  of  0.08  mgm.  of  atropin  nearly  paralyzed  secretion 
for  the  prevailing  stimulus,  only  1  drop  was  elicited  as  compared  with 
6  drops  before  atropinization.  It  likewise  reduced  the  superbaaal  flow 
of  blood.  The  electrical  deflection  was  still  very  distinct.  In  figure 
4,  taken  from  a  different  animal,  a  similar  injection  abolished  secretion 
entirely.  The  electrical  deflection  was  still  prominent  and  the  super- 
basal  flow  of  blood  during  the  period  of  stimulation  was  hardly  affected, 
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but  the  proloDgatioD  of  the  superbaaal  flow  of  blood  occuired  again. 
Further  injections  aboUshed  the  upward  deflection,  but  it  will  be  noted 
that  stimulation  of  the  chorda  tympani  then  produced  a  very  snuU 
downward  deflection.  Though  atropin  usually  abolished  the  electrical 
deflection  this  reversal  was  not  an  uncommon  occurrence;  bi 
it  was  of  small  magnitude  and  occurred  even  after  large  in 
30  or  more  milligrams  of  atropin. 


Fig.  6 

If  the  injection  of  atropin  prevents  the  development  of  an  electrical 
deflection  when  the  chorda  tympani  is  stimulated,  it  might  be  k^cal 
to  expect  the  injection  of  atropm  to  abolish  an  electrical  deflection  which 
is  already  in  progress  as  a  result  of  a  continuous  stimulation  of  the 
chorda  tympani.  Figures  6  and  7  show  the  results  obtained  on  this 
point.     In  record  A,  figure  6,  the  chorda  was  stimulated  before  stropini- 
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zation.  At  the  ceBsation  of  stimulatioD  a  eharp  downward  <i 
occurred.  In  record  B,  atropin  was  injected  during  the  period  of  b1 
lation.  When  the  atropin  reached  the  gland  the  same  sharp  downward 
deflection  occurred,  although  the  stimulation  of  the  chorda  tympaol 
continued.  In  figure  7,  record  B,  where  the  atropin  reached  the  gland 
at  relatively  the  same  time  interval  as  cessation  of  stimulation  in  reocnd 
A,  the  electrical  deflections  were  nearly  identical.  From  the  electrical 
deflections  one  might  conclude,  n^Iecting  the  volume-flow  of  blood, 
that  atropinization  during  stimulation  of  the  chorda  tympani  and 
cessation  of  stimulation  call  forth  the  same  effects. 

It  is  obvious  that  we  know  too  httle  about  electrical  phenomena  in 
living  tissues  to  arrive  at  such  a  definite  conclusion,  yet  I  have  tried  in 
an  indirect  way  to  put  this  conclusion  to  the  test.  It  should  be  pos- 
sible to  grade  the  strength  of  stimulation,  or  perhaps  more  correctly 
stated,  the  end  effect  of  stimulation,  in  two  ways — ^mechanically  by 
regulating  the  strength  of  shock  delivered  by  the  induction  coil,  and 
physiologically  by  reducing  the  effectiveness  of  stimulation  of  constant 
strength  by  the  injection  of  graded  doses  of  atropin.  A  comparisoo 
of  the  electrical,  secretory  and  vasomotor  response  of  the  gland  with 
these  two  methods  of  gradation  of  stimulation  seemed  worth  while 
attempting.  The  results  obtained  on  two  animals  are  shown  in  figures 
8  and  9.  The  chorda  tympani  was  stimulated  at  regular  intervals  with 
stimuli  of  equal  duration.  In  the  first  observation  in  both  experi- 
ments the  stimulation  was  too  weak  to  elicit  visible  secretion.  The 
strengUi  of  stimulation  was  then  increased  with  each  observation  up 
to  an  arbitrary  TimyirrmTn,  That  maximum  was  then  kept  constant 
for  the  remainii^  series  of  observations,  but  prior  to  each  stimulatim 
small  amounts  of  atropin  were  injected,  as  small  as  0,05  mpn.  Eadl 
increase  in  strength  of  stimulation  ehcited  an  increase  in  the  amount 
of  secretion  and  a  decided  change  in  the  electrical  deflection.  After 
the  maximum  strength  of  stimulation  was  reached  each  injection  re- 
duced the  amoimt  of  secretion  and  ehdted  just  as  decided  cbaogea  in 
the  electrical  deflection.  The  records  show  the  results  obtained  and 
hardly  need  a  lengthy  discussion.  To  be  sure,  the  corresponding 
deflections  obtiuned  with  increasing  and  decreasing  activation  as  indi- 
cated by  the  secretion  are  not  superimposable,  yet  if  we  car^ully 
e<nnpare  the  tracings  of  figure  8  keeping  three  factors  in  mind — ^Ute 
ni^;mtude  of  the  upward  deflection,  the  reversal  of  the  deflectitm  to  a 
downward  deflection,  and  roughly,  the  general  contour — definite  tana- 
larities  in  the  deflections  of  the  two  series  appear.    Conmdering  the 
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fact  that  identical  deflections  can  be  obtfuned  only  when  many  factors 
1  perfectly  conatant  and  that  two  series  of  deflections — one  ob- 
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Fig.  8 


tained  with  increasing  strength  of  electrical  stimulation  and  the  other 
with  decreasing  strength  of  electrical  stimulation — show  dissimilarities, 
as  demonstrated  before,  it  is  significant  that  the  two  series  of  deflections 
as  obtained  in  this  research  have  as  many  points  in  common  as  they  do. 
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If  the  electrical  method  detects  minute  changes  in  metabolic  activity 
we  should  be  forced  to  conclude  that  a  email  injection  of  atrotun  may 
aboUsh  visible  secretion  as  normally  ehcited  by  stimulation  of  the 
chorda  tympani,  and  yet  permit  activation  of  the  gland  as  is  indicated 
by  the  marked  electrical  deflection  which  may  occur  in  the  absence  of 
visible  secretion.    This  conclusion  agrees  with  the  later  work  of  Bar- 


croft  (4)  on  oxidations  in  the  submaxillary  gland  after  atropimsaticm 
and  is  in  agreement  with  his  theory  of  metabolite  control  of  volume- 
flow  of  blood.  Another  conclusion  we  should  be  forced  to  draw  is  that 
lai^r  injections  of  atropin  may  aboUsh  all  metabolic  effects  which  the 
chorda  tympani  has  upon  the  submaxillary  glands.  This  conclua<Hi 
agrees  with  the  earlier  results  of  Barcroft  (3)  on  oxidations  in  the  sub- 
maxillary gland  after  atropinization.    If  correct,  it  reduces  the  impor- 
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tance  of  metAbolite  control,  this  control  then  only  complementing  the 
control  by  the  vasomotor  nerves. 

In  some  experiments  in  which  I  have  measured  the  oxidations  of  the 
gland  as  affected  by  stimulation  of  the  chorda  tympani  after  the  injec- 
tion of  3  to  5  mgm.  of  atropin  (5),  I  found  that  although  occasionally 
oxidations  were  increased  as  much  as  15  per  cent  above  the  oxidations 
during  rest,  as  a  rule,  oxidations  were  not  increased  by  stimulation  of 
the  chorda  tympani.  (The  Van  Slyke  method  was  used.)  This  amount 
of  atropin  usually  abolished  the  electrical  deflections.  Oxidations  were 
not  studied  after  smaller  injections.  It  would  appear  that  the  amount 
of  atropin  administered  might  markedly  influence  the  results. 

We  know  that  living  tissues,  such  as  the  secreting  submaxillary  gland, 
the  thyroid  gland,  the  kidney,  and  a  nonglandular  tissue  such  as  muscle, 
exhibit  electrical  changes  when  their  supply  of  blood  is  markedly  inter- 
fered with.  The  inference  might  be  that  the  electrical  deflection  is 
due  to  disturbed  oxidation.  In  keeping  with  this  inference  is  the 
observation  that  the  metabolism  of  injured  tissue  is  higher  than  that 
of  normal  tissue;  on  this  basis  the  current  of  injury  has  been  attributed 
to  greater  oxidations  at  the  point  of  injury. 

The  deUcacy  of  the  electrical  method  of  detecting  metabolic  activity 
has  been  demonstrated  in  many  ways  by  Waller  (6)  in  his  researches 
on  the  Signs  of  Life.  Yet  it  must  be  pointed  out  that  a  lack  of  change 
in  electrical  condition  of  a  tissue  need  not  necessarily  indicate  an  absence 
of  change  of  metabolic  rate,  for  we  know  that  a  symmetrical  structure 
such  as  the  web  of  the  frog's  foot  does  not  give  an  electrical  deflection 
when  excited  symmetrically,  whereas  the  single  layer  of  skin  of  the  back 
of  the  frog  gives  a  large  deflection.  The  magnitude  of  the  deflection 
does  not  always  vary  in  direct  proportion  to  the  rate  of  salivary  secre- 
tion; in  fact,  occasionally  the  reverse  happens.  Apparently  a  balanced 
action  of  two  effects  of  stimulation  comes  into  play.  There  is,  however, 
no  evidence  that  symmetry  of  structure  or  perfectly  balanced  effects 
come  into  play  more  after  atropinization  than  before. 
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In  a  survey  of  the  literature  upon  the  vagus  nerves,  one  can  not  but 
be  struck  by  the  fact  that  so  many  workers  in  this  field  have  paid  so 
little  attention  to  a  clear  discrimination  between  the  right  and  loft 
vagi.  General  conclusions  have  been  drawn,  with  regard  to  vagus 
activity,  which  are  apphcable  only  to  the  left  vagus,  and  in  the  earher 
publications  no  attempt  even  was  made  to  differentiate  between  vagus 
and  accelerator  nerves,  so  that  functions  peculiar  to  different  nen'cs 
have  been  assigned  to  both  vagi. 

The  idea  that  the  vagus  nerves  may  or  may  not  exert  contralateral 
effects  was  not  put  to  the  test  of  experiment  till  1911,  when  Carrey  (1) 
carefully  considered  the  matter,  using  the  whole  and  partially  split 
heart  of  the  turtle  and  recording  his  results  graphically.  His  con- 
clusions, which  are  very  definite,  are  as  follows.  He  asserts  first,  that 
the  origin  of  the  beat  is  to  be  found  in  the  right  caval  veins,  the  inherent 
rhythmicity  of  which  he  showed  to  be  greater  than  that  of  the  sinus 
and  auricles  and  then  he  shows  that,  in  the  whole  heart,  the  right  vagus 
affects  chronotropically,  through  its  action  on  the  right  veins,  every 
part  of  the  organ,  while  the  left  vagus  may  affect  the  whole,  including 
the  right  veins,  but  that  usually  it  affects  the  left  veins,  the  sinus  and 
the  auricles,  producing  quiescence  by  decreasing  the  excitabihty,  con- 
ductivity and  contractility  of  the  auricles,  leaving  the  rhythm  of  the 
r^ht  veins  unaffected.  In  the  "ascidian  preparation"  of  the  turtle's 
heart,  in  which  the  beat  travelled  from  right  to  left,  very  clear  con- 
clusions were  arrived  at,  namely,  that  the  r^t  vagus  stopped  the  whole 
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preparation,  while  the  left  inhibited  the  left  auricle  and  right  auricle, 
the  r^ht  basal  veins  still  continuing  to  beat  at  their  original  rb>thni. 
This,  according  to  Gairey,  is  due  to  the  fact  that  the  left  vagus  does 
not  affect  the  pace-maker,  but  acts  upon  structure  similar  to  that  upon 
which  normal  cardiac  impulses  act.  The  essential  point  determined 
is  that  the  vagi  act  chronotropically  on  their  respective  sides,  upon  tho«e 
parts  which  initiate  the  rhythm.  This  is  the  basis  of  the  homolalenil 
view  of  the  action  of  the  vagi,  which  has  been  so  strongly  brought  for- 
ward by  Garrey  who,  however,  showed  that  such  effects  were  not  so 
clearly  marked  with  regard  to  the  auricles,  and  he  states  "that  the 
experiments  bring  out  clearly  that  in  auricles  as  well  as  in  veins  and 
sinus  the  vagus  effects  may  cross  to  the  contralateral  side." 

Robinson  and  Draper  (2),  from  an  investigation  of  the  action  of  the 
vagus  nerveB  upon  the  human  heart,  corroborate  previous  findings  on 
the  mammalian  heart,  namely,  that  the  predominant  action  of  the 
r^ht  vagus  is  a  control  of  rate,  through  its  inhibitory  action  upon  the 
normal  pace-maker  of  the  heart,  and  that  of  the  left  nerve  is  primarily 
a  control  of  conduction  from  auricle  to  ventricle,  through  a  direct 
inhibitory  effect  upon  the  conducting  system  and  that  in  gauging  the 
difference  upon  conductivity  of  the  right  and  left  v^,  the  factor  of 
heart  rate  must  be  taken  into  account.  Again,  with  regard  to  auriculo' 
ventricular  dissociations,  it  was  shown  that  these  are  not  caused  by 
diminution  in  the  conductivity,  but  are  essentially  due  to  the  inherent 
high  rate  of  rhji,hmicity  of  the  ventricles,  dissociation  occurring  as 
soon  as  vagus  stimulation  reduced  the  auricular  rate  l>e!ow  that  at 
which  the  ventricles  will  contract  by  their  own  inherent  rhj-thmicity. 
This  viewpoint  is  supported  by  experiments  of  RothlK'rger  and  Winter- 
iwrg  (3)  who  demonstrated  true  nodal  rhythm  by  stimulation  of  the 
right  vagus  and  left  accelerator  nerves. 

Gohn  (4)  in  1912  stated  that  negatively  chronotropic  effects  may  l»c 
obtained  upon  stimulation  of  the  left  vagus  and  he  made  this  signi&cani 
statement  "that  it  b  doubtful  whether  the  distribution  that  has  been 
described  Is  as  refined  as  is  necessary  to  explain  the  results"  he  obtained. 

With  regard  to  the  importance  of  heart  rate  in  gat^^ing  dromotropic 
effects  of  the  vagi,  attention  is  drawn  to  a  paper  by  Robinson  (5)  in 
1916,  in  which  he  shows  that  there  is  no  constant  difference  between 
the  right  and  left  vagus  nerves  in  their  action  upon  conducti\ity  be- 
tween the  auricles  and  ventricles  during  auricular  fibrillation. 

The  first  report  upon  the  electrical  changes  in  the  heart  due  to  ^'agus 
stimulation  was  made  by  Gaskell  (6).    The  type  of  experiment  which 
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he  describes  dependB  upon  the  peculiar  arrangemeDt  of  the  va^us  uerve 
in  the  tortoise  heart,  where  a  branch  of  the  vagus  runs  with  the  coronaiy 
vein  from  the  sinus  to  the  base  of  the  ventricle.  This  "coronary" 
vagus  beii^  free,  the  sinus  and  left  auricle  could  therefore  be  cut  off 
without  damage  to  the  nerve  supply  of  the  right  auricle,  thus  allowing 
of  a  quiescent  preparation.  A  demarcation  current  having  been  pro- 
duced by  "thermic  section"  and  the  right  vagus  stimulated,  a  deflection 
was  obtained  in  the  same  direction  as  that  of  the  injury  current,  indi- 
cating increased  positivity  of  the  uninjured  part.  These  experiments 
were  carried  out  by  means  of  a  d'Arsonval  galvanometer. 

Gotch  (7)  in  1887,  using  a  capillary  electrometer,  could  not  obtain 
this  vagus  effect,  the  position  of  the  meniscus,  upon  vagus  stimulation, 
remaining  at  the  position  obtaining  during  diastole.  It  was  suggested 
by  Burdon  Sanderson  (8),  during  a  discussion  of  this  subject,  that  the 
capillary  electrometer  was  probably  not  sufBciently  sensitive  to  detect 
such  slight  changes  of  potential  as  bad  been  detected  by  Gaskell  by 
means  of  a  much  more  sensitive  instrument. 

Einthoven  (9)  in  1908  criticised  Gaskell's  results  and  doubted  their 
accuracy  because,  by  means  of  the  string  galvanometer  he  was  imable 
to  detect  any  changes  of  potential  whatsoever.  That  Gaskeli  was 
correct  was  clearly  demonstrated  in  1911  by  Meek  and  Eyster  (10), 
who  with  an  Edelmann  galvanometer,  using  the  tortoise  heart  prepared 
according  to  Gaskell's  method,  obtained  uniformly  positive  results. 
Theirs  was  an  exceptionally  clear  corrobpration  of  the  Gaskeli  phe- 
nomenon, as  evidenced  by  a  rapid  deflection  of  the  string  and  its  slow 
return  to  the  original  position.  If  the  heart  were  beating,  this  pro- 
longed slow  fall  of  the  string  to  its  original  level  would  be  cut  short 
by  the  first  beat  following  u|>on  inhibition  and  the  return  of  the  base 
line  to  the  zero  position  would  be  rapid.  That  this  happens  in  the 
beating  heart  was  shown  by  Samojloff  (11),  who  used  the  same  type 
of  instrument.  The  hearts  of  decapitated  frogs  were  utiUzed,  an  injury 
current  was  produced  by  the  application  of  a  drop  of  1  per  cent  KCl 
to  the  apex  of  the  heart,  and  leads  taken,  one  from  the  apex  the  other 
from  an  uninjured  part  of  the  heart.  A  monophasic  variation  was 
obtained  with  each  beat,  and  upon  stimulation  of  the  right  va^us  the 
zero  line  was  deflected  in  the  direction  of  the  injury  current;  the  deflec- 
tion was  slow  and  emphasb  was  laid  upon  the  fact  that  the  return  of 
the  string  did  not  begin  until  a  contraction  superx-ened. 
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EUctrical  changes  associated  with  the  action  of  the  vagi 

The  fundamental  principle  involved  in  determining  these  chanj^ 
depends  upon  the  foHowii^  acceptation. 

With  a  demarcation  current  or  injury  current.  In  normal  muscle 
excitation  is  evidenced  by  an  increased  negativity  of  the  part  involved 
and  electrodes  can  be  so  arranged  that  such  negati\'ity  gives  rise  to  an 
upstroke  of  the  string  of  the  galvanometer.  When  in  the  heart  an 
injury  current  is  produced,  the  injured  surface  becomes  electrically 
negative  to  the  uninjured  part  and  the  difference  of  potential  thereby 
occasioned  gives  rise  to  a  deflection  of  the  string  in  a  direction  opposite 
to  that  which  denotes  excitation  in  normal  muscle.  A  wave  of  excita- 
tion passing  over  such  a  field  would  produce  at  the  positive  or  unin- 
jured part  a  decrease  of  its  positivity  with  respect  to  the  injured 
spot  and  therefore  cause  a  rise  in  the  direction  of,  but  smaller  than, 
that  due  to  a  normal  contraction.  If  the  vagus  nerve  be  stimulated, 
its  effect  is  to  reduce  the  condition  of  negativity  and  therefore  relatively 
increase  the  positivity,  the  result  being  a  deflection  of  the  string  in 
the  same  direction  as  that  of  the  injury  current. 

In  the  normal  or  uninjured  condition.  To  obtain  monophasic  vari- 
ations from  the  action  of  the  heart  muscle,  one  electrode  must  be  placed 
on  the  heart,  the  other  on  a  part  of  the  body  wall  sufficiently  removed 
from  the  heart  to  allow  of  the  activity  of  all  parts  of  the  heart  muselc 
being  marked  by  an  upward  deflection.  If  now  the  electrical  changes 
of  the  heart,  due  to  its  acti\-ity,  are  not  totally  inhibited,  these  will 
show  themselves  as  upstrokes  of  i-educed  amplitude,  arising  from  a 
zero  line  at  alowered  level. 

It  may  be  assumed  that  whatewr  occasions  the  beat  producea  a 
sudden  catabolic  change,  a  change  dependent  upon  a  previous  building 
up  of  excitability  or,  to  use  Gaskell's  term,  a  process  of  assimilation. 
There  is  no  reason  to  suggest  that  such  a  process  of  assimilation  should 
be  of  auch  a  sudden  nature  as  that  of  the  catabolic  discharge  or  dis- 
similation; the  deflection  caused  by  the  one  may  be  wholly  different 
from  that  caused  by  the  other,  the  factor  chiefly  concerned  being  that 
of  velocity.  It  is  supposed  that  these  anabohc  chaises  are  inaugurated 
by  vagus  action  and  therefore  that  electrical  stimulation  of  the  vagus 
increaaing  these,  it  should  be  possible,  using  a  galvanometer  of  sufficient 
sensitivity,  to  detect  the  changes  in  potential  arisii^  therefrom. 
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During  inhibition  the  heart  suffers  on  alteration  of  its  excitability 
and  its  activity  is  depressed.  It  may  therefore  be  feasible  to  accept 
the  interpretation  of  Samojloff's  cur\'es,  that  contractions  may  be 
resumed  at  an  increased  level  of  anabolism,  proviticd  the  process  has 
reached  completion  and  stopped,  as  otherwise  it  is  difiBcult  to  conceive 
of  contractions  supen'ening  during  a  process  which  is  essentially  of 
the  nature  of  an  inhibition.  If  the  building  up  of  excitabiUty  or  the 
inhibitory  process  has  not  reached  its  maximal  development,  then, 
to  explain  the  breaking  through  of  heart  beats,  one  must  assume  that 
the  vagi  and  the  contractions  act  upon  different  mechanisms  in  the 
cardiac  muscle.  Gaskell  (12),  McWilham  (13),  (14),  and  Roy  and 
Adami  (15)  state  that  excitability  is  diminished  during  inhibition  but 
all  that  they  can  prove  is,  that  the  heart  in  inhibition  was  inexcitable, 
and  that,  during  a  period  when  it  was  establishing  a  necessary  condition 
such  that  the  subsequent  stimulus  should  produce  a  contraction,  that 
ia,  a  condition  of  excitability.  Therefore  their  diminished  excitability 
is  associated  with  what  may  be  regarded  as  a  refractory  period  of 
inhibition.  Just  as  there  is  a  refractory  period  in  catabolism  so  one 
postulates  a  similar  condition  in  anabolism.  This  would  support  the 
idea  suggested  that  the  upstroke  is  indicative  of  the  true  inhibitory 
period,  i.e.,  the  time  till  maximal  deflection  is  reached,  aft«r  which  the 
excitabihty  of  the  tissue  is  such  that  stimuli  may  be  efltective,  which 
stimuli,  however,  may  be  delayed  over  a  longer  or  shorter  period, 
according  to  the  degree  of  diminution  of  conductivity,  which  is  a  mani- 
fest effect  of  both  vagi. 

The  results  of  the  experimental  work  to  which  reference  has  just 
been  made,  demonstrate  clearly  the  occurrence  of  electrical  changes 
in  the  heart  during  vagus  stimulation.  These  changes  then  may  be 
employed  to  determine  the  distribution  of  the  vagi  in  the  heart,  to 
demonstrate  the  action  of  these  nerves  upon  its  various  parts  and  to 
decide  if  possible  by  what  means  vagal  impulses  are  propagated.  To 
do  thb  a  preparation  of  the  whole  and  also  of  the  partially  split  heart 
has  been  used. 

Experiments  carried  out  ivith  the  d'Arsonval  galvanometer 

From  previous  work  done,  using  the  string  galvanometer  for  deter- 
mining the  electrical  changes  occurring  in  the  heart  upon  vagus  stimu- 
lation, it  was  found  that,  in  the  normally  beating  heart,  the  string 
galvanometer  is  too  sensitive  an  instrument  to  withstand  the  action 
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ciurent  of  the  heart,  when  the  string  is  slackened  to  that  extent  which 
is  necessary  to  give  definite  evidence  of  the  positive  variations.  With 
sensitivities  such  that  1  m.v.  gives  deflections  from  5  to  10  cm.,  tlu* 
results  are  in  many  cases  not  convincing.  It  was  therefore  detennine<t, 
seeing  that  it  was  impossible  to  carry  out  these  experiments  upon  a 
quiescent  heart,  to  utilize  a  very  sensitive  d'Aisonval  galvanometer 
and,  by  means  of  a  rheotome,  to  place  it  in  circuit  with  the  heart  only, 
during  the  very  brief  period  of  its  quiescence  between  beats. 

Methods 

The  rheotome.  This  consisted  of  a  brass  segmented  wheel  ha\-ing 
one  continuous  central  contact  and  two,  one  on  either  side  of  the  former, 
in  which  there  was  placed  a  different  length  of  fiber,  so  that  by  adjust- 
ment of  these,  any  lei^h  of  non-conducting  material  could  be  readily 
obtained.  Thus  by  using  three  contacts,  the  two  external  being  con- 
nected, a  definite  period  of  time  could  be  obtained  during  which  the 
galvanometer  could  be  thrown  into  the  circuit.  This  period  was  chosen 
so  that  the  ventricular,  auricular  and  sinus  effects  could  be  eliminated. 
The  circumference  of  the  rheotome  was  SOO  mm.,  the  gap  was,  after 
experiment,  cut  down  to  45  mm. 

The  gutescerU  period  of  the  heart.  To  throw  the  galvanometer  into 
circuit  at  this  point  of  the  cardiac  cycle,  a  simple  make  and  break 
device  waa  arranged  whereby  the  relaxation  of  the  ventricle  comp]et<-d 
the  circuit  between  six  storage  cells  and  a  solenoid,  which  lifted  the 
catch  checking  the  rheotome  wheel.  This  allowed  the  wheel  to  rotate, 
the  retaining  pawl  being  so  placed  that  immediately  it  was  lifted  upon 
ventricular  relaxation,  the  galvanometer  was  put  in  circuit  with  the 
heart.  The  rotation  of  the  segmented  wheel  was  so  arranged  by  a 
switch  upon  the  power  table,  that  one  revolution  was  just  completed 
within  the  period  of  the  cardiac  cycle.  The  pawl,  which  was  dropped 
upon  contraction  breaking  the  circuit,  stopped  the  wheel  for  a  very 
brief  moment,  depending  upon  shght  variations  in  the  heart  rate. 

It  was  found  that  in  the  majority  of  cases  it  was  necessaiy,  in  order 
to  obtain  a  quiescent  period,  to  cool  the  heart,  because,  in  a  heart 
beating  at  the  rate  of  thirty  per  minute,  the  sinus  was  in  action  some- 
times during  a  ventricular  contraction,  or  following  so  closely  upon 
ventricular  contraction  that  the  rheotome  method  was  rendered  of 
no  avail.  The  sinus  was  cooled  by  means  of  a  blind  perfusion  cannula, 
through  which  was  maintained  a  continuous  flow  of  ice-cooled  water 
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of  a  temperature  of  about  lO^C.  The  cooled  point  was  maintained 
upon  a  definit-e  spot  on  tlie  sinuB,  a  spot  previously  det«rmined  as  being 
the  seat  of  highest  rhythmicity. 

The  sensilivity  and  calibration  of  the  gcdvanometer.  The  d'Arsonval 
galvanometer  used  in  these  experiments  was  the  type  "R"  of  the  Leeds 
&  Northrup  Company,  which  had  a  sensitivity  of  5  X  lO""'  amperes 
per"  mm.  and  a  voltage  sensitivity  of  0.5  mm.  per  microvolt,  with  a 
period  of  5  seconds.  Calibration  of  the  instrument,  with  the  rheotome 
running,  gave  readings  for  0.1  m.v.  of  7.3  cm.  in  5  minutes  and  a  return 
to  0.5  cm.  from  zero  in  6.0  minutes.  Therefore  a  deflection  of  7.3 
cm.  =  0.1  m.v.  and  is  equal,  without  the  rheotome  to  a  deflection  of 
22  cm.  Prom  this  it  is  seen  that  to  obtain  full  values  with  the  rheotome 
method^  it  would  be  necessary  for  the  vagus  effect  to  last  5  minutes. 
From  the  rate  of  rise  of  the  curves  and  from  their  magnitude  it  will 
be  seen  that  the  "vagus"  effect  is  a  very  marked  one,  is  maintained 
and  is  dissipated  quickly  by  subsquent  beats. 

A  difficulty  which  arises  with  the  rheotome  method  is,  after  vagus 
stimulation,  to  cut  out  the  prolonged  beats  of  the  auricle  which  usually 
encroach  upon  the  quiescent  period  of  the  heart,  even  abolishing  it, 
and  so  cause  a  sudden  return  of  the  beam  of  l^ht,  which  may  reach 
its  original  position  or  pass  beyond  it  in  two  or  three  steps.  One  can, 
however,  by  operatii^  the  rheotome  with  a  key,  cut  out  the  auricular 
beats  occurring  immediately  after  inhibition,  the  solenoid  circuit  being 
broken  upon  the  first  sign  of  movement  in  the  basal  veins. 

Com-pensalion  of  Vie  injury  currerU.  With  a  very  slowly  moving  coil 
galvanometer,  with  the  time  of  stimulus  very  short,  namely  0.18 
second  when  the  rheotome  was  makii^  thirty  revolutions  to  the 
minute,  the  response  to  small  currents  may  be  so  small  as  scarcely  to 
be  noticed.  In  compensating,  therefore,  one  must  accurately  gauge 
the  period  of  the  heart  cycle  in  which  no  electrical  effects  from  auricular 
beat  are  allowed  to  encroach  upon  the  period  of  quiescence.  The 
sinus  effect  is  so  small  that  deflections  caused  thereby  can  be  ignored, 
but  small  inclusions  of  auricular  effects  would  simulate  over-compen- 
sation. This,  as  well  as  the  opposite  effect  of  under-compensation, 
must  be  guarded  against,  because  the  latter,  if  not  accurately  gauged, 
will  give  deflections  in  excess  of  those  due  to  vagus  stimulation,  since 
a  deflection  denoting  an  increased  positivity  is  an  extension  of  that  of 
the  injury  curr^tt. 

Type  of  reading  obtained.  It  is  essential,  if  maximal  deflections  are 
to  be  obtained,  to  stimulate  the  v^us,  maintaining  the  quiescence  of 
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the  heart,  till  there  is  no  further  increase  in  the  amplitude  of  the  defiec- 
tion.  This  may  necessitate  a  vagus  stimulation  up  to  from  60  to  80 
seconds,  although  maximal  deflections  are  usually  obtained  well  within 
this  period.  The  type  of  reading  resulting  from  this  method  is  shown 
on  the  tracings,  these  i:ecords  having  been  made  by  a  device  of  Gcsell 
(16),  in  which  the  beam  of  light  can  be  followed  and  the  curve  recorded 
upon  a  moving  drum.  The  record  is  in  the  form  of  a  series  of  steps 
which  are  of  varying  sizes  and  are  in  the  form  of  curves  as  shown  in 
several  tracings.  It  was  not  practical  to  follow  accurately  these  fine 
swinging  movements  of  the  beam  of  light.  The  first  few  initial  steps 
are  steep;  they  then  rapidly  become  less  and  less  in  size  till,  at  the 
plateau  of  the  curve,  the  small  pendular  movements  synchronous  with 
each  revolution  of  the  rheotome  only  are  in  evidence.  The  plateau 
may  be  maintained  for  a  longer  or  shorter  period  and  is,  unless  the 
rheotome  is  controlled  by  hand,  suddenly  terminated  by  the  first 
auricular  contraction. 

Type  of  reading  without  the  rheotome.  In  the  partially  split  heart, 
where  the  wave  of  contraction  sweeps  from  r^jht  to  left,  it  is  of  course 
possible  to  prevent  auricular  or  ventricular  effects  of  the  side  under 
obser^'ation,  from  affecting  the  galvanometer,  but  it  has  been  found 
that  after  2  or  3  hours,  when  the  activity  of  the  heart  has  become 
considerably  lessened,  the  ventricle  has  little  effect  upon  the  galvano- 
meter, the  sinus  none  at  all  and  the  auricular  contractions  show  aa 
small  deflections,  with  a  total  amplitude  of  from  1  to  1,5  cm.  With 
such  a  weakly  contracting  heart,  beating  at  about  sixteen  per  minute, 
the  mean  of  these  deflections  can  be  taken,  because  the  beats  are  usually 
80  weak  that  any  cumulative  effect  takes  a  considerable  time  to  show 
any  alteration  in  the  mean  level  of  the  beam  of  light.  Thus  the  changes 
occurring  upon  vagus  stimulation  are  quite  easily  discernible. 

The  whole  heart 

Table  1  shows  that  the  right  vagus  is  always  markedly  active  upon 
the  right  auricle  and  in  many  cases  very  slightly  less  so  upon  the  left 
auricle.  The  point  of  note  with  regard  to  the  left  auricle  is  that,  in 
about  a  fourth  of  the  cases,  the  right  vagus  is  more  effective  than  the 
left,  and  generally  the  left  vagus  is  always  less  marked  in  its  action  upon 
the  left  auricle  than  is  the  right  vagus  upon  the  right  auricle,  while 
upon  the  right  auricle  the  left  vagus  is,  with  three  exceptions,  decidedly 
weaker  in  action  than  either  the  right  or  the  left  vf^us  acting  upon 
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its  respective  side.  The  tracings  reproduced  here  as  figures  1  to  5, 
witb  attached  explanatory  notes,  illustrate  the  basis  upon  which  these 
conclusions  rest.  All  were  obtained  through  the  d'Arsonval  galva- 
nometer. 

TABLE  I 

Beiullt  with  the  d'Artoiuial  galvaaomeUr,  wilA  an  injury  eurrenl 


«o.rr 

IlOC* 

Ltrt 

AQDI 

S^i. 

Lett 
•uriele 

LaH 
■uriclt 

Ss 

cm. 

cm. 

». 

«. 

1 

4.5 

3.6 

5.5 

3.0 

Heart  cooled.    Rheotome  rate  24  revolutions 
per  minute 

2 

7.B 

5.0 

4.0 

3,5 

He&rt  quiet  with  muBoarine;  no  rheotome 

3 

4.6 

4.0 

4 

10.5 

5.5 

Heart  rate  16  per  minute 

11.6 

5.0 

Temperature  lO"^. 

5 

SO 

8.0 

Without  rheotome;  heart  quiescent;  right  auri- 

8.6 

9.5 

cle  cut  away 

8.6 

110 

9.0 

9.5 

6 

2.5 
15 

1.0 
0.5 

Gaskeira  preparation;  coronary  vagus  intact 

7 

0.8 

1.0 

Sinus  cut  off  from  right  auricle;  coronary  vagus 

1.0 

1.5 

inUct;  left  auricle  quiet  for  abort  periods 

8 

7.8 

8.8 

Heart  rate  15  per  minute,  temperature  10°C. 

9 

8.5 
6.5 

6.0 
6.5 

Heart  rate  20  per  minute;  heart  cooled 

10 

6.6 

6.5 

4,6 

3,6 

Heart  rate  20  per  minute;  heart  cooled 

11 

6.6 

5.0 

4-0 

4.5 

Heart  rate  20  per  minute;  heart  cooled 

12 

6.2 

5,5 

4.5 

5.0 

Heart  rate  20  per  minute;  heart  cooled 

13 

3.5 

2,5 

3.3 

28 

Heart  rate  20  per  minute;  heart  cooled 

14 

5.6 

3.0 

2.5 

2-0 

Heart  rate  20  per  minute;  heart  cooled 

16 

2.0 

2.0 

Heart  completely  split 

16 

3.5 
2.0 

2.0 
1.0 

Heart  completely  split 

17 

4.8 
4.0 

3.3 
2.5 

Heart  compIeUly  split 

18 

5.5 

5.6 

4.2 

4.0 

Ifl 

2.2 

1.8 

1.9 

1.6 

Heart  cooled 

20 

2.5 

2.0 

Heart  cooled 

21 

3.3 

2.0 

3,2 

2,0 

Heart  cooled 

22 

2.1 

1.0 

2.2 

,  0.6 

Heart  cooled 

23 

1.8 

1.2 

1.4 

0,8 

Heart  cooled 

24 

1.6 

0-8 

Heart  cooled 

25 

2.9 

2.0 

1.9 

1.2 

Without  the  rheotome 

26 

2.6 

2.3 

2.1 

2.0 

Without  the  rheotome 
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Fig.  1.  Whole  bearti  right  auricle,  injury  current;  right  vagus  stimuUtioa. 
This  is  atypical  result  of  the  rise  and  fall  during  the  quiescent  period  of  the  heart. 
Here  the  only  part  of  the  curve  not  due  to  vagus  activity  is  the  first  domutroke 
occasioned  by  the  commencing  auricular  beat.  The  vagus  was  stiihulated  for 
36  seconds,  the  deflection  obtained  being  3.2  cm. 


Fig.  2.  Whole  heart;  right  auricle,  injury  current;  left  vagus  stimulation. 
This  record  shows  the  steady  rise  step  by  step  indicating  increased  positivity 
of  the  left  auricle.  The  inhibition  of  the  left  side  was  maintained  for  a  period  of 
SB  seconds,  while  stimulation  of  the  vagus  lasted  for  60  seconds,  producing  a 
maximal  deflection  of  2.6  cm. 
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Fig,  3.  Whole  heart;  left  fturicle,  injury  current;  left  vagus  atimulation.  This 
!■  ■  very  good  example  of  the  steady  step-like  movement  of  tbe  beun  of  light. 
The  vagus  was  here  stimulated  for  36  seconds,  the  duration  of  the  rise  was  24 
seconds  and  tbe  maximal  deSection  was  2.7  cm. 


Fig.  4.  Whole  heart;  left  auricle,  injury  current;  left  vagus  stimulation. 
This  tracing  is  of  interest  in  showing  the  effect  of  one  beat  of  tbe  beart  breaking 
througb  in  a  short  inhibition,  which  is  then  followed  by  a  steeper  and  longer  rise 
giving  a  total  deflection  of  3.2  cm.  Stimulation  of  the  vagus  was  continued  for 
64  seconds  and  there  was  no  apparent  sign  of  shifting  of  the  electrodes  or  tempo- 
rary stoppage  of  stimulation  to  account  for  the  single  beat. 
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Fig.  S.  Whole  heart;  left  auricle,  injury  current;  tight  vagua  atimuUtion. 
The  total  deflection  of  2.0  cm,  wu  obtained  in  30  Mconds.  The  rise  and  fall  an 
both  typical,  the  fall  below  the  original  base  line  being  due,  probably,  to  a  dimi- 
nution of  the  demarcation  current. 


Fif . «  Ftg.  7 

Fig.  6.  Partially  split  heart;  rheotome;  right  auricle,  injury  current;  right 
vaguB  atimulalion.  In  this  case  the  injury  current  was  not  oompensated.  The 
vague  acted  for  12  aecondfl  and  gave  a  maximal  deflection  of  2.6  cm. 

Fig.  7.  Partially  split  heart;  rheotome;  right  auricle,  injury  current;  ri^t 
vagus  stimulation.  Here  the  pendular  movements  were  followed  as  accurately 
as  p^BSible.  This  record  shows  exactly  the  type  of  movement  which  is  performed 
by  the  beam  of  light  upon  the  scale,  as  the  galvanometer  responds  to  every  brief 
impulse  which  it  receives  with  each  revolution  of  the  rheotome.  The  inhibition 
was  maintained  for  26  seconda  and  the  rise  was  completed  in  15  seconds,  the  total 
deflection  being  2.3  cm. 
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The  partiaUy  split  heart 

WUh  tbt  Tkaftgme.  The  type  of  results  obtained  from  the  partially 
split  heart  whec  the  d'Aisonval  galvanometer  is  put  into  circuit  by 
means  of  the  liieotome  is  seen  in  figures  6  and  7  and  table  2,  and  de- 
scribed in  the  legends  to  the  figures. 

Types  e^  d^ecUmis  obtained  without  the  rheotome.  Umng  the  rheotome, 
the  results  have,  in  the  case  of  the  action  of  the  vagi  on  the  contralateral 
sides  of  the  heart,  been  invariably  amative.  In  fact  there  is  to  be  seen 
a  slow  movement  of  the  beam  of  light  in  the  direction  opposite  to  that 

TABLE  J 

lUfuUt  vnth  the  d'Artarwid  galvanometer,  vrith  an  injury  eurrent;  aplU  heart 


..a„Tx™ 

t-T 

v«™ 

SiasL 

■i^'i. 

'^ 

^^i 

cm. 

cm. 

em. 

em. 

1 

3.0 

1.5 

2,0 

previous  to  sagittal  section.    Therefore  (7) 
faulty  section 

2 

4.5 

0.0 

6.5 

0.0 

4.0 

0.0 

S.O 

0.0 

0.6 

3.5 

0.0 

1.0 

4.0 

0.0 

0.0 

6,0 

0.0 

3.6 

0.0 

2.0 

0,0 

3.0 

0.0 

2.5 

0,0 

6.0 

0,5 

3.5 

0.0 

10 

2.0 

0.0 

2,0 

0.0 

11 

2.8 

0.0 

4,4 

? 

12 

3.3 

0.0 

3.2 

0,0 

indicating  a  positive  variation,  due  either  to  a  diminution  of  the  injury 
current  or  to  the  effects  of  weak  contractions  from  parts  of  the  heart, 
other  than  the  auricle  imder  obsevation.  The  best  and  most  decisive 
results  in  the  partially  split  heart  have  been  obtained,  without  the 
rheotome,  2  to  4  hours  after  opening  the  pericardium  and  about  }  hour 
after  making  the  sagittal  section,  because  by  this  time  the  beats,  run- 
ning from  right  to  left,  have  lost  much  of  their  vigor  and  rapidity. 
The  current  of  injury  is  not  compensated  and  from  the  tracings  (figs. 
8  to  13)  it  will  be  seen,  that  the  movements,  due  to  contractions,  are 
very  small  indeed. 
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Tig.  8.  Parti&lly  split  beajrti  without  rheotome;  tight  auricle,  injury  curreat; 
left  vAguB  stimulatiDD.  The  movementi  of  the  beftin  of  light  were  BUCMMfulljr 
followed  in  this  case  and  it  will  be  noted  that  there  is  neither  inhibition  of  the  ri^t 
auricular  beat  nor  alteration  of  the  base  line  due  to  a  Btimulation  of  the  left 
vagus  lasting  52  seconds. 


Fig.  9.  a,  b,  e.  Partially  split  heart;  without  rheotome;  right  auricle,  injuiy 
current;  right  vagus  stimulation.  These  three  are  typical  of  results  obtsined 
without  the  use  of  the  rheotome.  The  height  and  rapidity  of  the  deflections  are 
comparable  to  those  obtained  by  Gaskell,  and  ahow  a  definite  elect ri>-poaitiTe 
change.  The  deflections  have  a  maximum  of  3.8,  4.0  and  3.3  cm.  with  a  time  of 
3.0,  4.0  and  3.5  seconds,  respectively.  The  tendency,  even  in  a  weakly  beating 
heart,  for  the  "vagus"  effect  to  be  repeated,  is  seen  in  these  tracings. 
230 
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Pig.  10.  Partially  split  heart;  vithout  rheotome;  left  auricle,  injury  curreDt; 
left  TftguB  fltimulation.  The  action  of  the  left  vagus  upon  its  own  side,  as  Krsph- 
ioally  shown  here,  is  similar  to  that  obtaining  in  the  whole  heart.  The  response 
israpidand  the  time  taken  to  attain  a  maximal  deflection  of  3.8  cm.  is4.0  seconds. 


Fig.  U.  Partially  split  heart;  without  rheotome;  left  auricle,  injury  current; 
left  vagus  stimulation.  This  shows  activity  of  the  left  vagus  upon  the  left 
auricle  three  and  one-half  hours  from  the  commencement  of  the  experiment. 
I'he  pendular  movements  are  due  to  the  right  auricular  beats. 
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Fig.  12.  P&rti&lly  split  heart;  without  rheotome;  left  fturicle,  injury  cumnt; 
right  v&Bus  stimulation.  The  survival  of  the  left  auricular  contractiona  in  the 
partially  split  heart,  upon  right  vagua  itimulation,  ia  clearly  seen  here.  The 
more  rapid  beata  due  to  the  right  auricular  rhythm  are  seen  at  the  b^uning  of 
the  tracing  and  their  almost  immediate  inhibition  upon  right  vagua  stimulation 
ia  clearly  shown,  the  slower  left  auricular  rhythm  remaining.  That  in  this 
"aacidian"  preparation  the  right  vagua  has  no  effect  upon  the  uniform  position 
of  the  base  line,  which  is  the  mean  of  the  auricular  deflections,  is  demonstrated 
in  this  experiment,  where  the  right  vagus  stimulation  lasted  for  68  seconds. 


Fig.  13.  Partially  split  heart;  without  rheotome;  left  auricle,  injury  current: 
right  vagus  stimulation.  The  fact  that  the  right  vagus  has  no  action  on  the  left 
auricle  in  the  partially  split  heart  is  agam  shown  here.  After  the  deflection  of 
the  injury  current  was  obtained,  the  movements  of  the  beam  of  light  were  fol- 
lowed and  the  right  vagus  stimulated  for  60  seconds.  No  alterations  in  the  base 
line  took  place.  The  right  auricular  contractions  were  inhibited  and  the  latter 
half  of  the  tracing  shows  only  the  left  auricular  deflections,  which  with  their 
slower  rhythm  come  into  evidence  toward  the  end  of  the  tracing.  This  occurs 
after  a  period  of  stand-still  of  very  brief  duration,  during  which  time  the  inherent 
rhythmicity  of  the  left  auricle  becomes  established. 
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The  quantiiaiive  effects  of  the  vagi    '• 

The  foregoing  results  with  their  demonstration  of  crossed  vagal 
effects  suggested  a  quantitative  study  of  these. 

To  determine  what  quantitative  vagus  changes  may  occur  on  both 
sides  of  the  heart  the  graphic  method  was  used  and  the  curves  plotted 
on  codrdinate  paper.  As  the  rheotome  revolved  at  a  rate  of  either 
twenty  or  thirty  revolutions  per  minute,  and  as  both  vagi,  in  most  of 
the  experiments,  completely  stopped  the  heart,  the  repeated  contacts 
were  made  at  r^ular  intervals,  thereby  giving  one  a  means  of  comparing 
the  rate  of  deflection  of  the  beam  of  light  step  by  step,  each  step  denot- 
ii^  a  definite  period  of  time  during  wh'ch  the  galvanometer  was  in 
circuit  with  the  preparation.  To  arrive  at  some  idea  as  to  the  intensity 
of  the  vagus  action,  it  is  necessary  to  compare  the  deflections,  usii^ 
as  a  standard  a  definite  period  of  time  during  which  the  nerves  are 
stimulated,  and  to  do  this  the  most  convenient  method  is  to  take  a 
number  of  steps  or  a  number  of  revolutions  of  the  rheotome,  but  not 
more  than  that  required  by  the  lowest  curve  to  attain  its  maximal 
deflection.  Without  the  rheotome,  to  take  a  definite  height  as  a  stand- 
ard and  compare  the  time  required  to  reach  it,  would  be  admissible, 
but  with  the  rheotome  a  standard  height  precludes  any  comparative 
conclusions,  because  it  manifestly  gives  the  slower  effect  theadvantage 
of  a  greater  number  of  contact  periods. 

The  curves  are  plotted  for  the  position  of  the  beam  of  light  either 
every  5  seconds  or  for  every  revolution  of  the  rheotome;  the  abscissae 
denote  time  in  seconds  and  the  ordinates  deflections  in  centimeters. 
The  stimulation  of  the  vagus,  marked  by  a  signal,  was  usually  con- 
tinued till  the  maximal  effects  were  obtained,  the  time  was  recorded 
by  a  Jacquet  chronograph  and  the  records  were  made  by  Gesell's 
method  already  referred  to.  The  results  obtained  can  best  be  presented 
as  descriptions  of  the  curves. 

Figure  14-  Here  the  r%ht  vagus  was  stimulated  for  36  seconds, 
and  the  electrical  change  commenced  13  seconds  after  stimtilation 
began,  and  in  38  seconds  the  maximal  deflection  had  been  obtained. 
The  curve  both  in  its  gradient  and  height  is  typical  of  the  right  vagus 
effect.  In  15  seconds  the  beam  of  light  had  risen  2.9  cm.,  after  which 
the  change  became  more  and  more  gradual,  till  10  seconds  later,  the 
maximal  deflection  of  3.3  cm.  was  attained,  where  it  was  steady  for 
5  seconds  and  then  fell  at  first  quickly,  later  more  and  more  slowly 
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sa  the  base  line  was  approached.  The  right  vagus  effect  upoD  the  left 
auricle  shows  a  change  commencing  as  soon  abnost  as  that  of  the  right 
vagus  upon  the  right  auricle.  The  gradient  of  the  electrical  chai^ 
is  less  marked  though  quite  as  definite  as  that  of  the  homolateral  effect. 
The  total  stimulation  lasted  52  seconds  and  the  maximal  height  of  2 
cm.  was  reached  in  30  seconds.  The  left  vagus  in  this  experiment  had 
a  longer  latent  period  but,  like  the  r^ht  vagus,  the  period  was  prac- 
tically the  same  for  both  sides,  20  and  21  seconds  respectively.  This 
is  the  case  previously  mentioned,  in  which  a  beat  was  interpolated  24 
seconds  after  inhibition  had  been  produced.  The  action  current  of 
the  heart  caused  an  immediate  return  of  the  beam  of  light  to  just  below 
zero,  inhibition  was  again  produced  and  in  5  seconds  it  is  evident  and 
much  more  markedly  so  than  in  the  previous  rise.  Comparing  the 
left  vagus  effect  upon  the  right  and  left  aunclea,  it  is  seen  from  this 
figure  that  the  second  rise  due  to  the  left  vagus  is  steeper  than  that 
of  the  left  vagus  effect  upon  the  right  auricle.  This  is  the  usual  result 
obtained,  though  not  without  exception.  The  maximal  rise  and  the 
time  taken  for  each  vagus  on  both  sides  of  the  heart  are  as  follows: 

Right  vagus  acting  upon  right  auricle  for  18  seconds 3.3 

Right  vagus  acting  upon  left  auricle  for  30  seconds 2.0 

Left  vagus  acting  upon  left  auricle  for  40  seconds 3.2 

Left  vague  acting  upon  right  auricle  for  40  seconds 2,0 

Figure  15.  For  comparative  purposes  the  deflections  occurring  upon 
each  of  five  consecutive  revolutions  of  the  rheotome  are  plotted.  The 
marked  ascendancy  of  the  right  vagus  upon  the  right  side  of  the  heart 
is  well  shown;  also  from  the  graph  of  the  second  rise  of  the  left  vagus 
upon  the  left  side,  which  has  been  traced  in  for  comparison  in  the  posi- 
tion of  the  original  rise,  it  can  be  seen  that  the  very  definite  effect  upon 
its  own  side  is  greater  than  the  r^ht  vagus  effect  upon  the  left  both 
in  maximal  deflection  and  in  rapidity  of  its  rise.  The  left  vf^us  action 
upon  the  right  side  is  the  least  marked  of  all  and  this  record,  with  the 
second  curve  of  the  electro-positive  change  of  the  left  vagus  transcribed, 
sums  up  very  clearly  the  various  effects  occasioned  by  both  vagi,  each 
acting  upon  both  sides  of  the  heart. 

Noting  the  deflections  after  five  revolutions  of  the  rheotome,  the 
heart  being  inhibited  by  both  vagi  and  the  time  interval  between  the 
stimuU  being  the  same  for  all,  namely,  2  seconds,  the  galvanometer 
being  in  circuit  with  the  heart  for  a  period  of  0.18  second,  we  have  the 
following  results- 
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Right  vagus  acting  upon  right  auricle 1.9 

Right  vagua  acting  upon  left  auricle 0,9 

Left  vagus  acting  upon  left  auricle I.l 

Left  vagus  Acting  upon  right  auricle 0.7 

Figure  16.  As  in  the  preceding  record,  the  greater  latent  period  of 
the  left  vagus  as  compared  with  that  of  the  right  ia  shown  and  here 
the  left  vagus  action  upon  its  own  side  is  very  definite,  especially  with 
regard  to  the  velocity  of  the  change,  in  which  in  this  case  it  exceeds 
that  of  the  right  vagus  upon  the  right  side.  The  slower  contralateral 
effects,  though  of  scarcely  less  magnitude  are  noteworthy,  when  one 
recalls  what  has  been  suggested  with  reference  to  the  anatomical  dis> 
tribution  of  the  va^.  The  maximal  deflections  and  the  time  taken 
for  their  completion  are  as  follows: 

Right  vagus  acting  upon  right  auricle  for  26  seconds 2.2 

Right  vagus  acting  upon  left  auricle  for  39  seconds 1.8 

Left  vagus  acting  upon  left  auricle  for  H  seconds 1.9 

Lett  vagus  acting  upon  right  auricle  for  22  secondB 1 ,6 

Figure  17.  Comparing  these  effects  in  four  steps  of  2\  seconds  each, 
with  the  exception  of  the  left  vagus  upon  the  left  auricle  in  which  each 
step  equals  2  seconds,  one  sees  from  the  record  that  they  are  very  similar 
to  those  in  the  preceding  case.  The  right  vagus  was  very  active,  having, 
for  both  sides  of  the  heart,  a  latent  period  of  2  and  3  seconds  respectively. 
The  difference  in  the  velocity  of  the  change  effected  is  not  so  marked 
in  the  first  10  seconds  as  subsequently;  yet  the  difference  in  the  gradient 
of  the  activities  of  the  left  vagus  upon  the  left  and  the  right  auricle 
is  well  marked.  The  latent  period  of  the  left  vagus,  while  greater  than 
that  of  the  right,  is,  comparable  to  the  right  vagua,  practically  the  suae 
for  both  sides  of  the  heart,  namely  8  and  9  seconds  for  the  left  and 
right  sides  respectively.  In  this  experiment  the  stimulation  of  the 
nerves  lasted  approximately  20  seconds  in  each  case.  The  deflections 
from  five  revolutions  of  the  rheotome  were  as  follows; 

Right  vagus  acting  upon  right  auricle 0.9 

Right  vagus  acting  upon  left  auricle 0.7 

Left  vagua  acting  upon  left  auricle 1.0 

Left  vagus  acting  upon  right  auricle O.fl 

Figure  18:  This  is  a  record  of  the  only  instance  in  this  series  in  which 
stimulation  of  the  left  vf^s  nerve  did  not  stop  the  heart  beat  but 
caused  a  pr(^resBive  slowing  of  the  rate  from  30  to  15  beats  per  minute 
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in  a  period  of  five  beats.  After  the  sixth  beat  there  was  a  pause  of  7 
seconds,  the  heart  then  became  tumultuous,  big,  forcible  contractions 
of  the  auricles  and  ventricle,  of  long  duration,  following  in  no  regular 
sequence.  After  a  series  of  three  or  four  of  these  had  passed,  it  was 
agun  possible  to  place  the  galvanometer  in  circuit  with  the  preparation 
during  the  quiescent  period,  the  duration  of  which  became  longer  and 
longer  till  it  was  again  encroached  upon  by  a  similar  series  of  irregularly 
timed,  forcible,  heaving  contractions.  While  a  similar  alteration  in 
the  rhythm  was  produced  when  leading  from  the  right  auricle  and 
stimulating  the  left  vagus,  the  maximal  effect  was  obtained  in  four 
steps.  The  nerve  was  stimulated  for  31  seconds  and  the  mmumum 
reached  in  12  seconds.  The  results  for  all  foiu*  activities  were  as 
follows: 

Right  vagUB  acting  upon  right  auricle  for  14  secbuda 2.1 

Right  vaguH  acting  upon  left  auricle  for  10  seconds 1 .2 

Left  vagua  acting  upon  left  auricle  for  32  Beoonda 1,6 

Left  vaguB  acting  upon  right  auricle  for  12  seconds 0.8 

Figure  19.  These  curves  denote  the  positive  variation  obtained  with 
six  revolutions  of  the  rheotome,  this  number  being  that  taken  by  the 
smallest  curve,  left  vagus  acting  upon  right  auricle,  to  reach  its  maximal 
height. 

Right  vagua  acting  upon  right  auricle 2,0 

Right  ragUB  acting  upon  left  auricle 1.3 

Left  vagua  acting  upon  left  auricle 1.2 

Left  vagua  acting  upon  right  auricle 1 .0 

Figure  SO.  In  this  case  the  maximal  deflections  were  recorded  step 
by  step  with  the  rheotome  revolving  once  every  2  seconds.  The  vagi 
produced  complete  stoppage  of  the  heart  in  the  times  noted  on  the 
chart  and  the  deflections  were  remarkably  regular  in  their  rise  and  bear 
out  what  previous  records  have  shown,  namely,  that  the  right  vagus 
is  the  most  predominant  in  action  upon  the  right  side  of  the  heart, 
the  left  vagus  less  so  on  the  left  side,  while  here  the  usually  parallel 
^ects  of  the  right  vagus  upon  the  left  auricle  and  the  left  vagus  upon 
its  own  side,  are  clearly  demonstrated.  The  deflections  for  fifteen 
steps,  that  is  for  30  seconds,  were  as  follows: 

Right  vagua  acting  upon  right  auricle 4.5 

Right  vagua  acting  upon  left  auricle 3.6 

Left  vagua  acting  upon  left  auricle 3.6 

Right  vagua  acting  upon  right  auricle 2.7 
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Resuils  mlhout  the  rkeotome.  Figures  21  and  2S.  These  records  are 
given  as  typical  of  the  curves  obtained  with  a  practically  quiescent 
heart,  in  which  deflections  caused  by  electrical  changes  of  weak  con- 
tractions could  be  disr^arded.  These  results  are  from  hearts  which 
have  been  bloodless  for  from  3  to  4  hours.  The  curves  are  plotted  for 
the  position  of  the  beam  of  light  every  second  and  the  duration  of  the 
stimulus  is  practically  10  seconds  in  all  cases.  One  again  sees  the 
dominant  effect  of  the  right  vagus,  with  a  lat«nt  period  of  5  seconds  and 


Fig.  21 


7  seconds  for  the  respective  sides  of  the  heart  in  both  cases.  The  maxi- 
mal height  is  2.6  cm.  and  2.9  cm.  respectively.  The  right  vagus  effects 
upon  the  left  auricles  are  remarkably  alike  in  both  cases,  the  time  taken 
to  reach  the  maximum  being  6  and  5  seconds,  and  the  maximal  height 
attained  being  2.3  and  2.0  cm.,  respectively.  Such  an  effect,  compared 
with  that  obtained  from  the  left  vagus  acting  upon  the  left  auricle, 
shows  the  resemblance  between  the  crossed  effects  of  the  right  vagus 
and  the  homolateral  effects  of  the  left  vagus,  with  regard  to  the  elec- 
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tricBl  changes  they  produce  in  the  left  auricle.  The  rapidity  with  which 
the  change  is  produced  in  the  left  auricle  is  greater  for  the  left  than 
for  the  right  vagus.  From  the  latent  periods  and  the  heights  of  the 
curves,  one  sees  that  the  crossed  effects  are  slightly  less  rapid  in  tbeir 
inception  and  in  the  velocity  of  their  action.    It  is  possible  that  the 


Fig.  22 

latent  period,  in  obtuning  crossed  effects,  is  directly  proportional  to 
the  degree  of  the  contralateral  distribution  of  the  vagi.  From  the 
usually  short  lapse  of  time,  1  to  3  seconds,  occurring  in  the  production 
of  the  crossed  effects,  either  by  the  right  or  the  left  vagus  nerves,  one 
must  conclude  that,  anatomically,  the  crossed  distribution  of  each 
vagus  may,  in  many  instances,  be  a  liberal  one. 
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With  r^ard  to  the  quantitative  effects  of  the  vagi  upon  the  whole 
he&rt,  the  results  may  be  summed  up  in  a  table  of  the  various  effects 
reduced  to  a  percentage  of  the  sum  total : 

Right  vaguB  actiDg  upon  right'auricle  40.9  26.6  35.0  36.3  31.2  30.0    . 

Right  vaguH  acting  upon  left  auricle  .  20.4  21.9  21.4  23.6  25.0  24.3 

Left  vagus  acting  upon  left  auricle...  23.6  30.1  29.S  21.S  25.0  25.7 

Left  vagus  acting  upon  right  auricle  .  15.0  20.3  14.2  18.1  18.7  20.3 

This  gives  an  average  result  of: 

Right  vagus  acting  upon  right  auricle 30  to  40 

Right  vagus  acting  upon  left  auricle 20  to  2S 

Left  vagus  acting  upon  left  auricle 25  to  30 

Left  vagus  acting  upon  right  auricle IS  to  20 

DISCUSSION 

The  experiments  carried  out  with  the  d'Arsonval  galvanometer 
described  in  the  first  part  of  this  paper,  corroborate  the  work  of  previous 
investigators  with  regard  to  the  presence,  in  the  heart  muscle,  of  elec- 
trical change,  which  are  brought  about  by  stimulation  of  thevagus 
nerves.  It  has  been  shown  that  these  changes  can  be  produced  by  each 
vagus  nerva  acting  upon  the  opposite  side  of  the  heart.  From  the 
figures  quoted  in  table  1  and  from  records  shown  of  experiments  upon 
the  whole  heart,  it  ia  evident  that  the  action  of  the  vagi  is  not  mainly 
homolateral.  As  far  as  the  vagus  effect  is  distinguished  by  an  increased 
positivity,  by  a  change  in  potential,  one  must  conclude  that  each  vagus 
nerve  exerts  its  greatest  effect  upon  its  own  side,  and  upon  the  opposite 
side  an  effect  which,  generally,  is  deffnit«ly  less  than,  but  may,  in  the 
case  of  the  right  vagus,  be  almost  as  great  as  that  of  ite  homolateral 
action.  In  comparing  the  two  vagi,  it  is  seen  from  these  results  that 
the  right  vagus  produces  a  much  greater  contralateral  effect  than  does 
the  left;  that  the  effect  of  the  right  vagus  upon  the  left  auricle  is  gener- 
ally less  than  that  of  the  left  vagus  upon  its  own  side.  In  only  two 
cases  did  the  left  vagus  acting  upon  the  right  auricle  produce  an  effect 
greater  than  that  of  the  homolateral  action  of  the  right  vagus.  It  is 
seen  that  the  contralateral  effect  of  the  left  vagus  is  undoubtedly  the 
weakest  or  least  marked  of  all  four  activities  studied. 

These  results  do  not  substantiate  Garrey's  conclusions  with  regard 
to  the  preponderantly  homolateral  effects  of  the  vagi.  There  may  be 
a  tendency  to  over-emphasize  the  homolateral  view.  In  Garrey's  case 
this  may  have  resulted  from  his  assumption  that  the  beat  originated 
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in  the  right  caval  vein  and  from  the  fact  that  he  could  find  no  chrono- 
tropic effects  thereon  with  left  vagus  stimulation.  He  statea  "that 
the  left  vagus  is  less  effective  upon  the  normal  rhythm  of  the  he«rt 
than  the  right  vagus,  due  to  the  fact  that  it  does  not  innervate  the 
right  basal  vein;"  and  again  he  states  "that  crossed  effecta  can  be 
obtained,  in  some  cases  even  to  chronotropic  effects,  on  the  right  veins 
by  action  of  the  left  vagus," 

If  the  left  vagus  can  affect  the  center  of  rhythmicity  in  the  left  side 
of  the  partially  split  heart,  is  it  not,  from  these  results  and  from  Carrey's 
suf^estion,  justifiable  to  conclude  that  the  left  vagus  can  or  may,  as 
a  usual  function,  affect  the  pace-maker  or  center  or  centers  of  rhjlh- 
micity  in  the  right  auricle  in  the  whole  heart? 

That  such  may  be  the  case,  more  or  less  marked  according  to  the 
degree  of  crossed  distribution,  is  strongly  suggested  by  the  results 
recorded  above,  in  which,  in  almost  every  case,  left  vague  stimulation 
quickly  arrested  the  beat  of  the  heart.  As  there  were  no  evidences 
of  block  one  must  conclude  that  this  is  due  to  an  effect  upon  the  center 
of  rhythmicity  and  that  to  stop  the  heart  the  vagus  must  act  upon 
all  heart  tissue  which  is  inherently  rhythmical.  Thus  only,  in  those 
cases  of  complete  stoppage,  can  left  vagus  inhibition  be  explained  and 
this  point  of  view  demands  a  contralateral  distribution  ot  both  vagi. 
With  regard  to  the  partially  split  heart,  it  is  shown  from  the  figures  in 
table  2  and  from  the  tracings  briefly  referred  to,  that  here  only  are  the 
effects  of  the  vagi  strictly  confined  to  their  respective  sides. 

This  raises  the  question  of  the  conduction  of  crossed  effects  which, 
according  to  Garrey,  occurs  by  means  of  nerve.  In  the  turtle,  the 
crossed  effects  obtained  in  the  whole  heart  must  pass  to  the  auricle 
by  way  of  nerve  fibers  located  in  the  tissue  of  the  sinus.  If  the  vagus 
effects  were  the  result  of  a  general  conduction  by  means  of  both  muscle 
and  nerve,  then,  seeing  that  the  muscle  wave  spreads  around  the 
sagittally  split  heart  from  right  to  left,  there  should  be  no  reason  why 
the  vf^piB  effect  should  not  so  pass. 

In  the  partially  split  heart  right  vagus  stimulation  stops  the  whole 
initially,  then  the  left  sinus  assumes  a  controlling  rhythmicity  for  the 
left  side,  and  if  the  right  side  be  maintained  in  inhibition  for  some  time, 
the  beats  originating  in  the  left  sinus  will  travel  from  left  to  right,  but 
they  will  not  pass  from  the  ventricle  to  the  right  auricle.  The  passage 
of  such  contraction  impulses  shows  that  no  vagus  control  is  exercised 
upon  the  ventricle  in  the  turtle.  Also,  it  must  be  concluded  that  in 
the  partially  split  heart  no  vagus  effects  can  be  transmitted  across  from 
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the  right  to  the  left  side  of  the  heart,  since  there  is  no  alteration  in 
the  electrical  potential  of  the  injury  current  of  the  left  auricle  when 
the  right  vagus  is  stimulated. 

In  concluding  that  the  ventricular  muscle  of  the  turtle  plays  no 
part  in  transmitting  vagus  effects,  it  must  be  borne  in  mind  that  the 
reason  may  not  necessarily  lie  in  the  ventricular  tissue  but  in  the 
inability  of  junctional  tissue  to  transmit  these  effects.  That  vagus 
effects  do  not  spread  by  way  of  the  ventricle  would  not  preclude  such 
spread  from  right  auricle  to  left  auricle  through  cardiac  tissue  proper. 
Erlanger  (17)  and  Erlanger  and  Hirschfelder  (18)  have  shown  that, 
after  clamping  the  bundle  of  His  in  the  dog  and  thereby  producing 
partial  or  complete  heart  block,  it  is  possible  to  demonstrate  some  action, 
though  slight,  of  the  vagus  upon  the  ventricle.  This  goes  to  show  that 
vagal  impulses  to  some  extent  travel  by  routes  other  than  those  which 
subserve  normal  physiological  conduction  of  the  cardiac  impulses. 

That  these  impulses  may  not  be  associated  vritii  ordinary  nerve  fibers 
is  su(^estcd  by  the  work  of  Meek  and  Leaper  (19),  who  show  that 
conduction  in  the  heart,  either  by  nerve  fiber  or  by  skeletal  muscle, 
manifests  no  marked  difference  in  the  degree  of  compression  necessary 
to  destroy  it.  Garrey,  in  a  study  of  the  dissociation  of  inhibitory  nerve 
impulses,  states,  "that  if  normal  physiological  conduction  from  sinus 
to  auricle  proceeds  along  nervous  paths  the  blocking  of  these  paths 
should  at  the  same  time  block  other  nervous  paths,  including  all  vagus 
fibers  which  paas  to  the  auricle  through  the  clamped  area,  and  through 
this  area  only."  He  shows  that  this  is  not  the  case;  that  compression 
sufficient  to  establish  complete  sino-auricular  block,  may  not  interfere 
with  the  passage  of  vagus  impulses.  This  would  indicate  that  if  vagus 
effects  are  to  be  transmitted  they  must  pass  by  way  of  tissue  peculiar 
to  them.  That  such  effects  do  not  spread  through  muscle  tissue  is 
proved  by  the  larger  effect  upon  the  corresponding  side  in  the  whole 
heart.  This  rules  out  the  idea  that  junctional  tissue  may  be  the  cause 
of  a  non-transmittal  of  these  effects  in  the  partially  split  heart. 

From  these  results  one  is  led  to  the  conclusion  that  there  is  no  case 
for  the  spread  of  vagus  effects  by  non-specific  tissue,  either  muscular 
or  nervous,  but  only  by  tissue  hypothetically  pecuhar  to  vagus  con- 
duction. It  would  seem,  from  the  results  both  in  the  normal  and  par- 
tially split  heart,  that  for  crossed  effects  in  the  whole  heart,  it  is  not 
a  case  of  strong  or  weak  stimuli  affecting  muscle  fibers  or  nerve  network, 
but  rather  a  case  of  stimuli  efficient  enough  to  pass  along  paths  of 
vagus  conduction,  the  degree  to  which  contralateral  function  is  served 
depending  upon  the  richness  of  the  anatomical  distribution.  , 
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With  regard  to  the  diHtribution  of  both  vagi,  evidence  for  &  rich 
contralateral  supply  to  the  heart  is  borne  out  by  this  work  and  in 
support  of  this  view  refereace  has  been  made  to  the  work  of  Cohn  and 
of  Robinson.  The  latter  investigator  showed  that  in  gauging  the 
action  of  the  vagi  upon  cardiac  conductivity,  the  rate  of  the  heart  had 
to  be  taken  into  account.  From  this  it  is  seen  that,  in  judging  both 
of  chronotropic  and  dromotropic  effects  of  the  vagi,  the  factor  of 
greatest  importance  is  the  action  of  both  right  and  left  vagus  nerves 
upon  the  center  or  centers  of  rhythmicity. 

If  it  is  assumed  that  the  vagus  acts  by  reducing  the  general  reactivity 
of  the  tissue  it  happens  to  innervate  directly,  then  the  observsticm 
frequently  recorded  in  the  literature  that  left  vagaa  stimulation  often 
blocks  the  transmission  of  the  contraction  wave  may  be  accounted  for 
upon  the  basis  of  differences  in  the  distribution  of  the  two  vagi  with 
respect  to  the  pacemaker.  If  in  a  given  case  the  left  vagus  innervates 
the  whole  of  the  base  of  the  heart  excepting  the  pace-maker  while  the 
right  vagus  acts  upon  both  parts  equally,  then  stimulation  of  the  left 
vagus  will  reduce  reactivity  and  consequently  the  conductivity  of  the 
auricles,  but  not  the  rate  of  impulse  initiation.  The  result  would 
simulate  the  diminution  in  conductivity.  Stimulation  of  the  right 
vagus  would  produce  the  same  reduction  in  reactivity  and  of  the  same 
parts  but  at  the  same  time  would  slow  impulse  initiation.  As  a  result 
the  interval  between  successive  impulse  conductions  might  become 
long  enough  to  permit  the  subjacent  tissues,  despite  their  lowered 
reactivity,  to  carry  every  impulse  that  came  from  the  pace-maker. 
If  the  beats  could  be  maintained  at  their  original  rate  while  the  right 
vagus  was  being  stimulated,  a  diminution  of  conductivity  simitar  to 
that  produced  by  left  vagus  stimulation  would  become  manifest. 

C0NCLDSI0N8 

It  is  concluded  that  the  positive  variation  of  the  demarcation  current 
that  develops  during  vagus  stimulation  is  a  phenomenon,  not  due  to, 
although  usually  associated  with,  stoppage  of  the  heart.  This  is  shown 
by  the  facts: 

1.  That  in  the  quiescent  heart  the  electro-positive  change  is  obtained. 

2.  That  no  electro-positive  change  is  obtained,  when  in  the  partially 
split  heart  the  left  auricle  temporarily  stops  beating  upon  right  vagus 
stimulation. 
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Thus,  looking  at  the  question  from  two  totally  different  standpoints, 
we  have  clear  evidence  that  the  electrical  change  indicative  of  inhibition 
is  not  occasioned  merely  by  the  cessation  of  muscle  activity. 

It  is  abo  concluded  that  in  the  turtle  the  distribution  of  the  vagi 
through  the  base  of  the  heart  is  bilateral,  but  is  not  uniform  in  all 
parts.  In  general  the  relative  intensity  of  action  is  as  follows:  Right 
vagus  on  right  auricle  >  right  vagus  on  left  auricle  =  left  v^^us  on 
left  auricle  >  left  vagua  on  right  auricle. 

The  greater  tendency,  noted  in  the  literature,  of  stimulation  of  the 
left  vagus  to  produce  block  is  not  Dccesearily  due  to  a  selective  action 
of  this  nerve  upon  the  conducting  system;  the  result  can  be  explained 
quite  as  well  through  the  relatively  slight  action  of  the  left  nerve  upon 
the  pace-maker,  which  is  located  on  the  right  side  of  the  heart,  while 
the  reactivity  of  the  remainder  of  the  heart  is  reduced. 

I  am  greatly  indebted  to  Doctor  Erlanger  for  his  continued  interest 
in  this  problem,  and  for  much  helpful  and  very  suggestive  criticism. 
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THE  INFLUENCE  OF  GLANDS  WITH  INTERNAL   SECRE- 
TIONS ON  THE  RESPIRATORY  EXCHANGE 
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The  demonstration  by  Asher  and  Flack  (1),  (2),  (3)  that  atimulatioD 
of  the  laryngeal  nerves  in  rabbits  with  intact  thyroids  increases  and 
prolongs  the  rise  in  blood  pressure  following  the  intravenous  injection 
of  a  given  amount  of  adrenalin  has  provided  the  first  concrete  evidence 
of  a  thyroid-adrenal  relationship.  The  Goctsch  (4)  test  in  exopbtbal- 
mic  goiter  and  in  clinical  conditions  resembling  exophthalmic  goiter, 
as  tuberculosis,  cardiac  neuroses,  etc.,  is  a  practical  diagnostic  applica- 
tion of  Asher  and  Flack's  original  observations.  The  rffect  of  the 
subcutaneous  injection  of  adrenalin  on  the  yespiratory  exchange  in 
man  was  studied  in  1912  by  Fuchs  and  Roth  (5),  who  found  a  slight 
increase  in  the  oxygen  intake  and  carbon  dioxide  output  which  they 
looked  upon  as  negligible  and  an  increase  in  the  respiratory  quotient. 
Later  work  by  Bernstein  (6),  by  Peabody  and  his  co-workers  (7),  by 
Tompkins,  Sturgis  and  Weam  (8)  and  by  Sandiford  (9)  have  cleariy 
established  that  in  normal  men  adrenalin  injected  subcutaneously  in 
0.5  cc.  to  1.0  cc.  (1-1000)  doses  causes  an  increase  in  the  respiratory 
exchange.  The  studies  of  Tompkins,  Sturgis  and  Weam  and  of  Sandi- 
ford are  the  more  recent  and  extensive.  The  former,  working  with 
soldiers,  were  able  to  demonstrate  the  increase  in  twenty-seven  of 
thirty-four  cases.  The  latter  studied  forty-six  cases  including  exoph- 
thalmic goiter,  simple  goiter,  myxedema,  Addison's  disease  and  four 
normals.  She  concludes  that  the  subcutaneous  injection  of  0.5  cc 
1-1000  adrenalin  invariably  causes  an  increase  in  the  oxygen  iotake 
and  the  carbon  dioxide  output. 

La  Franca  (10),  working  with  dogs,  found  that  phloiidzin  causes  a 
marked  decrease  in  the  respiratory  exchange,  while  adrenalin  causes  a 
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marked  increase  both  in  the  respiratory  quotient  and  in  the  oxygen 
consumption.  Hari  (11)  using  curarized  dogs  and  injecting  adrenalin 
intraperitoneally  observed  a  decrease  in  the  oxygen  consumption  uid  a 
rise  in  the  respiratory  quotient.  Lusk  and  Riche  (12),  studying  the 
^ect  of  adrenalin  on  the  power  of  the  animal  to  oxidiae  glucose,  noted 
an  increase  in  the  respiratory  exchange  in  two  normal  dogs.  Wileoko 
(13)  used  urethanized  rabbits  and  found  no  change  in  the  respiratory 
quotient  or  the  oxygen  consumption. 

In  view  of  Asher  and  Flack's  observation  it  has  seemed  to  us  of 
importance  to  compare  the  effects  of  the  subcutaneous  injection  of 
adrenaUn  in  normal  and  thyroidcctomized  animals  and  also  to  compare 
the  effect  on  the  same  animal  before  and  after  thyroidectomy.  The 
results  of  these  experiments  are  given  in  the  following  pages. 

Method.  Rabbits  have  been  used  because  it  is  possible  to  remove 
the  thyroids  without  any  physical  interference  with  the  function  of 
the  iind  parathyroids  and  also  because  accessory  thyroid  tissue  is  less 
common  than  in  dogs,  cats  or  rats.  We  have  used  a  Haldane  (14) 
apparatus,  modified  by  substituting  Williams'  absorbers  and  a  motor- 
driven  pump.  This  apparatus  is  readily  adapted  for  the  use  of  rabbits 
and  is  simple  and  accurate. 

All  rabbits  were  deprived  of  food  for  15  to  16  hours  before  beginning 
the  experiments.  The  adrenalin  (P.  D.  Co.,  1-1000)  was  not  assayed. 
The  dose  was  arbitrarily  fixed  at  0.5  cc.  per  kilogram.  E^h  experi- 
ment consists  of  an  hour  period  although  in  most  instances  the  obser- 
vations were  repeated  two  or  more  times  without  interruption.  This 
makes  it  possible  to  compare  the  results  by  hours  or  by  longer  units  of 
time. 

This  study  includes  observations  on  six  rabbits  which  had  been  kept 
in  the  laboratory  for  several  months  under  the  same  conditions  before 
being  used  in  this  work.  Three  rabbits  (R  3-203,  -205,  -206)  were 
"normal."  Three  had  had  thyroidectomies — one  (3-208)  51  da>-8 
before  beginning  the  studies  and  two  (3-201  and  3-204)  during  the 
studies.  The  detail  figures  obtained  in  each  of  these  animals  have 
been  arranged  in  tables  2,  3,  4,  5,  6  and  7.  For  the  brief  discussion 
which  follows,  only  the  figures  for  the  Oi  consumption  per  gram  of 
body  weight  per  hour  will  bfe  considered.  These  have  been  averaged 
and  arranged  in  table  1. 

a.  Controls  (before  administration  of  odreTudin).  The  average  0» 
c(»isumption  for  the  five  rabbits  with  intact  thyroids  was  0.607, 
0.572,  0.524,  0.477.  and  0.436  gram  per  gram  of  body  weight  per  hour 
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before  the  admimetratioD  of  adrenalin.  These  figures  might  be  teimed 
the  basal  rates  and  show  the  usual  "normal"  variations  for  diffoent 
animals  though  the  rat«  is  relatively  constant  for  a  given  animal 
Rabbit  3-20S  which  had  been  thyroidectomieed  51  days  before  begin- 
ning the  observation  shows  the  ordinary  effect  of  thyroidectomy  on 
metabolism  Grst  described  in  man  by  Mf^nus-Levy  (16). 

With  rabbits  201  and  204  it  is  possible  to  compare  the  Oi  ctHwump- 
tion  before  and  after  thyroidectomy.  The  figures  given  in  table  1 
represent  the  first  series  of  observations  before  thyitndectomy  and  the 
last  after  thyroidectomy  (30  and  31  days).  The  decrease  in  0»  con- 
sumption following  thyroidectomy  is  striking.    Reference  to  tables  6 


TABLE  1 

U 

£3 

\    ^ 

'!3 

V 

KCniBEB 

co»»mofl<»«ii»» 

rmoL 

l\ 

IM 

§ 

"85 

Ss9 

E 

pz 

■  •>" 

R" 

8" 

203 

Intact 

0,607 

0.637 

0.607 

0.789 

0.680 

0.706 

205 

Intact 

0.436 

0.528 

0.549 

0595 

206 

Intact 

0.624 

0.515 

0.605 

20S 

Thyroidectomy  51  days 

0.3S5 

0.344 

0.417 

0.433 

0457 

2Ml 

Intact 

0.477 

0,651 

0.610 

0.530 

204( 

30  days  after  thyroidectomy 

0.348 

0,3» 

0-496 

0.366 

201  1 

Intact 

0,572 

0,530 

0.681 

201  / 

0.402 

0.396 

0-502 

0.480 

and  7  show  that  the  decrease  in  the  rat«  of  metabolism  following  thy- 
roidectomy is  very  slow — several  days  being  required  before  the  change 
becomes  manifest.  This  may  be  due  to  the  fact  that  the  thsrroid 
hormone  is  very  stable  and  is  normidly  needed  in  exceedingly  small 
amounts.  . 

These  observations  are  in  harmony  with  the  clinical  observatioDS  that 
the  onset  <rf  symptoms  of  myxedema  in  thyroidectomized  animab  is 
slow  and  also  that  there  is  usually  a  latent  period  of  24  to  48  houie 
following  the  feeding  of  desiccated  thyroid  before  an  increase  in  the 
metabolic  rate  can  be  demonstrated.  They  are  at  variance  with  the 
effects  on  blood  pressure  as  reported  by  Asher  and  Flack  (loc.  dt) 
and  by  Levy  (17).    These  authoiB  showed  that  in  -acute  ezperimentB 
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lasting  only  a  few  hours  the  effect  of  adrenalin  on  blood  pressure  was 
markedly  decreased  by  thyroidectomy.  The  cause  of  these  time 
differences  between  the  effect  of  adrenalin  on  blood  pressure  and  on 
metabolism  in  animals  with  and  without  thyroidectomy  is  not  clear. 


l«r  limr     Centrel 


•ftar  O.Bae  sftar  0*Sm  aftar  0>Coo 
MsMwlin     adi«n*llB      •diuAlln 
pur  k8*«<Aa>p*v  ks  «Ao.p*r  ks  nba> 


Pig.  1.  Average  Oi  consumption  per  gram  per  hour  in  cubic  centimeters. 
1,  Rabbit  203,  thyroids  intact;  «,  rabbit  206,  thyroids  intact;  3,  rabbit  205,  thy- 
roids intact;  4,  rabbit  208,  thyroids  removed  (51  days). 

b.  After  adrenalin  adminisbralion.  In  each  case  0.5  cc.  per  kgm. 
(P.  D.  adrenalin  l-IOOO)  unassayed  stock  adrenalin  was  injected  eub- 
cutaneously  in  the  flank.  The  observations  were  recorded  in  hourly 
periods  following  the  injection.  In  all  instances  a  rise  in  the  Ot  con- 
sumption was  noted.     The  changes  are  shown  graphically  in  text  fig- 
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ures  I,  2  and  3.  It  occurs  as  well  in  the  thyroidectomized  animals  as 
in  ''normals."  This  is  brought  out  best  in  figures  2  and  3  when  the 
effect  of  adrenalin  before  and  after  thyroidectomy  may  be  compared  in 

Oopar  gm  1b  t  iumr         Zod  honr        3rd  boar 

per  hour      Control        aft«r  0.5oo  after  O.Soe  after  O.Sco 
In  eo.  adrenalin      adrenalin      adrenalin 

per  kg  subo.per  kg  *nbe*per  kg  tube. 


Fig.  2.  Rabbit  201.    Avenge  0|  consumptioD  per  gcam  per  hour  in  cubic 

centimeters,    a,  Thyroids  intact;  6,  thyroids  removed  (31  daya). 

the  same  animal.  The  percentile  rise  in  Oi  consumption  appears  to  be 
Uttle  changed  by  thyroidectomy.  These  results  confirm  Sandiford's 
observations  in  human  myxedema.  The  adrenahn  effect  laste  for 
hours.    We  have  observed  it  for  five  hours,  though  usually  the  greai- 
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est  increafie  is  reached  in  the  third  hour.  There  is  some  evidence 
that  in  the  thyroidectomized  animais  the  onset  of  the  increased  rate 
of  metabolism  is  delayed  and  also  the  reaction  is  of  shorter  dwation  as 

Ogpar  gni  Ist  hour         2nd  Hour       3Td  liour 

per  boiir        Control    aft«r  0.5co  after  0.5oo  ftftsr  O.Sce 
In  ect  adi«ualin      Bdrenalin      adrenalin 

per  liK.subo.fer  ks  Bubo.per  ks^suto. 


Fig.  3.    Rabbit  204.    Average  Oi  consumption  per  gram  per  hour  in  cubic 
centinetera.    a.  Thyroids  intact;  b,  thyroids  removed  (30  days). 

shown  in  ^ures  2  and  3.  Another  observation  on  the  effect  of  adre- 
nalin in  th^Toidectomized  animals  is  that  frequently  there  is  a  decrease 
in  Oj  consumption  during  the  first  hour  after  adrenalin.  This  was  also 
observed  in  "normals"  but  very  rarely. 
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8UHHABY 

Our  results  od  rabbits  confinn  those  of  SaDdiford  on  man.  Adre- 
nalin causes  a  rise  in  the  oxygen  consumption  both  in  normal  and 
thyroidectomized  rabbits.  The  absolute  rise  may  be  greater  in  dim*- 
mals  but  the  percentile  rise  may  not  be  altered.  Evidence  is  given 
that  in  general  the  onset  of  the  rise  in  Oi  consumption  following  adre- 
nalin is  delayed  in  tbyroidectomized  animals  and  also  that  it  does  not 
last  so  long.  Some  evidence  is  presented  showing  that  in  rabbite  as  in 
other  animals  the  decrease  in  the  metabolic  rate  following  thyroid- 
ectomy is  gradual  and  requires  several  days  for  its  demonstration. 
These  results  differ  from  those  in  which  the  effect  on  blood  premire 
was  used  as  the  indicator. 
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The  firat  observatioDB  on  the  contractility  of  the  reptilian  lung  on 
direct  stimulation  of  the  piUmonary  tissue  was  made  by  Paul  Bert  (1). 
He  showed  furthermore  that  the  musculature  of  the  lung  was  under 
the  motor  control  of  the  vagus  nerve.  These  findings  have  been  abun- 
dantly corroborated  by  the  subsequent  researches  of  various  investi- 
gators of  whom  Frangois-Franck  (2)  deserves  particular  mention.' 
Francoia-Franck  (3),  (4)  published  a  number  of  papers  dealing  with 
the  comparative  physiology  of  the  reptilian  lung.  The  results  of  these 
studies  are  incorporated  in  two  monographs  which  as  far  as  they  touch 
our  work  are  the  most  comprehensive  and  important  contributions  on 
the  subject.  In  most  forms  the  vagus  is  found  to  exercise  a  motor 
control  over  the  lung  of  the  same  side.  In  one  lizard  (Uzard  ocelle) 
the  lungs  possess  in  part  a  crossed  innervation  the  vagus  exercising  not 

'  Some  32  yeara  after  the  origioal  observations  of  Bert,  Maar  (Skand.  Arch.  f. 
Ph]rsiol.,  1902,  xiii,  269)  published  an  article  on  the  gaseous  exchange  in  theluugB 
of  turtles  following  ligation  and  stimulatioD  of  the  vagi  and  sympathetic  nerveB 
under  various  experimental  conditions.  This  author  apparently  was  not  familiar 
with  the  fact  that  the  lungs  of  the  turtle  are  muacular  organs  innervated  through 
motor  fibers  carried  by  the  vagus.  The  possibility  that  changes  in  gaseous  ex- 
change (increased  oxygen  consumption  and  increased  C0|  following  ligation  of 
the  vagUs)  might  be  accounted  for  by  contraction  of  the  lung  (mechanical  stimu- 
lation of  motor  fibers)  never  occurred  to  this  investigator.  Practically  all  posi- 
tive findings  which  he  attributes  to  section  and  stimulation  of  fibers  having  a 
secretory  or  inhibitory  effect  on  gaseous  exchange  might  be  explained  by  the  ac- 
tivity or  inactivity  of  the  lung  musculature  and  the  passive  influence  of  the 
oireulatioQ  through  the  lungs. 
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only  a  homolateral  but  also  a  contralateral  control  over  the  lungs. 
FraoQois-Franck  (5)  states  that  the  vagi  and  not  the  sympathetic  nerves 
contain  the  motor  fibers  for  the  lungs.  Jackson  and  Feb  (7),  on  the 
other  hand,  atate  that  atimulation  of  the  sympathetic  in  the  neck 
region  nith  a  weak  current  causes  dilatation  of  the  lung  and  that 
stronger  currenta  may  give  a  contraction  even  more  promptly  and 
v^rously  than  stimulation  of  the  vagua  itself.  In  some  preparations 
Franfois-Franck  (4),  (5)  found  that  electrical  stimulation  of  the  vagus 
in  the  neck  gave  rise  to  a  contraction  which  was  preceded  by  an  in* 
hibition.  According  to  bis  experimental  analysis  this  inhibition  is 
only  apparent.  He  attributes  it  to  a  movement  of  neck  muscles.  If 
the  muscles  of  the  neck  were  not  involved  during  peripheral  stimulation 
of  the  vf^EjUS  no  inhibition  preceded  the  contractions.  Personally,  we 
have  never  obtained  an  inhibition  of  the  lung  on  direct  stimulation  of 
the  peripheral  vagus.  We  have,  however,  in  innumerable  instanoes 
observed  an  inhibition  preceding  lung  contractions  of  central  origin. 
We  shall  return  to  this  point  later  in  a  discussion  of  this  phenomenon. 

Kahn  (8)  and  Fran^ois-Franck  (5)  have  described  and  pictured 
rhythmical  contractions  of  the  lung  due  to  central  discharges  from  the 
bulbar  nuclei;  for  they  stopped  on  section  of  the  vagi.  Kahn  m  his 
analysis  on  ttutles  which  had  suffered  high  spinal  transection  showed 
that  these  lung  contractions  followed  the  external  respu^tory  act; 
Frangois-Franck  noted  these  rhythmical  imdulations  in  the  intrapul- 
monic  pressure  even  in  curarized  animals  but  only  when  the  bulbar 
centers  and  the  vagi  were  intact.  He  was  never  able  to  obtain  a  tonus 
rhythm  in  any  lung  separated  from  its  center.  He  found  on  electrical 
stimulation  of  the  peripheral  end  of  the  vagus  that  a  secondary  con- 
traction may  appear  on  the  completion  of  first;  or  if  the  peripheral 
vagus  was  tetanized  for  some  time  a  series  of  contractions  might  appear 
during  the  period  of  tetanization  simulating  tonus  variation  of  the  lung. 
In  both  instances,  however,  he  was  probably  dealing  with  incomplete 
tetany  of  the  l\mg  rather  than  with  discharges  from  a  peripheral  nervous 
automatic  mechanism  as  a.  result  of  the  vagus  stimulation. 

A  tonus  rhythm  appearing  in  a  lung  whose  extrinsic  nerves  have  been 
cut  would  suggest  a  peripheral  nervous  mechanism  ptnsessing  automatic 
activity.  On  the  anatomical  side  we  have  the  observations  of  Leydig 
(9)  and  Schulze  (10)  that  the  lungs  of  some  turtles  possess  not  cmly 
ganglionic  swelUi^  on  the  coiu^  of  the  nerve  fibers  but  actual  accumu- 
lations of  ganglion  cells.  On  the  physiolofpcal  side  Fano  and  FaaoU 
(2)  have  asserted  that  the  oscillations  of  tonicity  in  the  lungs  of  the 
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turtle,  Emys  europaea,  persist  after  complete  isolation  of  the  lungs 
from  their  nervous  center  although  they  admit  that  under  aormal  con- 
ditions part  of  the  tonicity  is  due  to  impulses  reaching  the  lung  through 
their  extrinsic  nerves.  Since  such  a  peripheral  automatism  of  the  lung 
did  not  reveal  itself  in  the  turtle  studied  by  Fran^ois-Fraock  (tortue 
grecque)  and  only  occasionally  in  our  own  preparations  it  would  seem 
that  the  question  of  a  peripheral  automatic  mechanism  in  the  lung  may 
depend  on  the  species  as  well  as  on  the  physiological  condition  of  the 
animal  under  observation.  , 

The  published  reports  of  lung  contractions  as  a  result  of  the  stimu- 
lation of  various  afferent  nerves  in  the  reptilia  are  very  meager.  Cer- 
tainly Fran^ois-Franck,  who  made  a  most  extensive  study  of  the  phys- 
iology of  the  reptilian  lung,  refers  only  incidentally  to  rhythmical 
lung  contractions  set  up  by  stimulation  of  afferent  fibers  carried  by  the 
vagi  (3).  In  his  second  monograph  (4)  on  the  lizard  (lizard  ocelle) 
he  describes  a  similar  contraction  of  one  lung  following  ligation  of  the 
vagus  of  the  opposite  side  (mechanical  stimulation).  Since  inthis 
preparation  there  was  intercommunication  between  the  lungs  andsmce 
be  showed  that  in  this  species  of  reptiles  the  vagus  contained  motor 
fibers  not  only  for  the  lung  of  the  same  side  but  also  for  the  lung  of 
the  opposite  side,  it  is  possible  to  explain  bis  supposed  reflex  contraction 
on  ligation  of  the  vagus  nerve  to  direct  motor  effects  on  the  opposite 
lung  or  to  the  passive  distention  of  the  lung  of  the  opposite  side  of 
ligation  of  the  vf^us.  Both  factors  would  give  a  record  which  might 
be  interpreted  as  an  active  reflex  contraction  of  the  opposite  lung. 

Prevost  and  Saloz  (10)  are  the  only  investigators  who,  by  a  method 
inferior  to  our  own,  have  described  reflex  contractions  of  the  lungs  of 
the  turtle  (tortue  grecque).  They  foimd  that  trauma  to  the  carapace, 
mechanical  stimulation  of  feet,  tail,  neck  and  anal  region,  caused  marked 
contractions  of  the  lungs. 

Coombs  (12)  has  recently  shown  that  stimulation  of  the  optic  lobes 
or  the  medulla  in  the  turtle  induced  contractions  in  the  lung,  provided 
the  vagi  are  intact.  This  seems  to  indicate  that  the  motor  innervation 
to  the  lungs  passes  exclusively  by  the  vagi  nerves,  unless  the  sympa- 
thetic nerves  were  sectioned  by  her  method  of  lui^  isolation. 

EXPERIMENTAL   PROCEDURE 

The  solution  of  the  problems  under  investigation  required  an  accurate 
recording  of  the  lung  tonus  and  lung  contractions  with  the  least  possible 
injury  to  or  interference  with  the  normal  respiration  and  other  processes 
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of  the  animal.  In  other  words,  the  Qecessary  aim  and  requiremeDt  bo 
far  as  possible  was  to  secure  physiological  experiments. 

1.  Preparation  of  the  animal.  No  anesthetics  were  used.  Prior  (1 
to  24  hours)  to  any  dissection  or  other  procedures  that  would  cause 
pain,  the  animals  were  decerebrated  by  quickly  drilling  through  the 
skull  a  little  to  the  side  of  the  median  line,  introducing  a  suitable  probe 
through  this  opening  and  after  cutting  off  the  cerebrum  from  the  mid- 
brain by  the  transverse  stroke  virtually  pithing  the  former.  By  using 
a  small  drill  and  going  2  to  4  mm.  lateral  to  the  median  line,  the  median 
sinus  is  left  intact  and  profuse  hemorrhage  avoided.  By  our  method 
of  pithing  the  cerebrum  very  Uttle  hemorrhage  was  produced,  so  that 
from  this  factor  alone  there  was  little  or  no  impairn^nt  to  the  generai 
circulation  or  interference  with  the  blood  supply  of  the  medulla  and 
midbrain.  A  small  iron  hook  was  introduced  into  the  trephine  hole 
in  the  skull,  by  means  of  which  the  head  was  secured  to  the  post  as 
shown  in  ^ure  1.  The  hook  being  placed  in  an  insensitive  spot,  the 
head  and  neck  were  thus  fixed  without  the  complications  from  continued 
irritation  of  clamps  or  ligatures  about  head  and  neck. 

By  means  of  a  small  drill,  holes  were  made  near  the  edge  of  the 
plastron  anteriorly  and  posteriorly,  and  by  strings  through  these  holes 
in  the  ventral  plate  the  animal  was  secured  on  the  turtle  stand  in  the 
manner  shown  in  figure  1.  In  the  species  of  turtles  worked  on,  there  is 
a  sufficient  margin  of  the  ventral  plate  at  both  ends  for  drilling  the  hole 
and  securing  the  animal  on  the  stand  in  its  normal  posture  without 
touching  or  injuring  the  skin. 

A  few  animals  were  worked  on  without  decerebration.  Id  this  case 
the  spinal  cord  was  transected  in  the  neck  before  any  operations  were 
undertaken  on  the  body  of  the  animal. 

For  convenience  of  dissection  the  turtle  stand  with  the  animal  at- 
tached  was  turned  upside  down  and  held  in  that  position  by  a  suitable 
support  while  the  trachea,  the  carotids,  the  jugular  vein,  the  cervical 
sympatheticB,  etc.,  were  isolated,  balloons  introduced  into  the  stomach 
(via  esophagus)  and  the  cannulae  and  other  devices  placed  in  position 
in  the  neck  and  anterior  thoracic  region. 

Isolation  of  the  lungs  and  other  viscera  was  made  by  removal  of  the 
necessary  r^ons  of  the  dorsal  carapace.  Cutting  through  and  remov- 
ing  parts  of  the  dorsal  carapace  is  attended  with  considerable  hemor- 
rhage unless  care  is  taken  not  to  injiue  the  intercostal  arteries  and  veins 
when  the  calcareous  part  of  the  body  wall  is  sawed  through  or  ctipped 
off  with  strong  bone  forceps.    If  suitable  care  is  exercised  in  this  regard. 
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the  diploic  veins  controlled  by  surgical  wax  and  the  intercostal  'v 
ligated  before  cutting  away  the  peritoneum  and  other  structures  that 
adhere  closely  to  the  calcareous  part,  the  entire  body  cavity  can  be 
laid  open  from  the  dorsal  side,  with  very  little  immediate  and  with  no 
chronic  hemorrhage. 


Fig.  1.  Diagram  of  preparation  and  fixation  of  the  turtle  for  recording  lung 
contractions.  A:  tube  to  T-tracheat  cannula  for  spontaneous  or  artificial  respi* 
ration  in  the  btsct  lung.  C:  Cannula  in  the  carotid  artery  for  recording  the 
blood  pressure  and  heart  activity.  L:  Lung,  isolated,  except  for  pulmonary 
vag^i  and  blood  veaaels,  bronchus  ligated  off.  Inflated  in  its  normal  position 
in  the  body  cavity.  M:  Tube  to  manometer  for  recording  the  spontaneous 
respirationB.  R:  Flenible  steel  rod  for  fixation  of  the  head.  S:  Screws  for  the 
fixation  of  turtle  to  the  top  of  stand  by  strings  through  holes  in  the  plastnMi. 
T:  Cannula  and  rubber  tubing  from  tip  of  isolated  lung  to  recording  tambour, 
V:  Cannula  in  the  jugular  vein  for  intravenous  injections. 
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In  a  few  experimeDtB  where  it  was  desired  to  avoid  the  injury  to 
visceral  sensory  nerve  connections  involved  in  isolating  one  lung  from 
the  dorsal  aide,  the  lungs  were  exposed  and  isolated  by  fixing  the  animal 
dorsal  aide  down,  removii^  the  entire  plastron  and  dissecting  away 
the  liver  and  greater  part  of  the  gut  in  the  way  described  by  Jackson 
and  Pelz  (7).  In  animals  fixed  on  the  dorsal  side  and  plastron  removed 
the  circulation  fails  much  sooner  than  if  the  animal  is  fixed  in  the  normal 
position  and  the  viscera  exposed  by  removing  one  side  of  the  dorsal 
carapace. 

In  all  our  preparations  exposing  the  lungs  and  viscera  from  the 
dorsal  side,  the  dorsal  carapace  was  left  intact  along  the  vertebral 
column,  a  strip  1  to  Ij  cm.  wide.  Thia  precaution,  together  with 
reasonable  care  in  isolating  the  lung  from  its  attachments  along  the 
median  line,  leaves  the  main  central  connections  of  the  visceral  ^m- 
pathetic  nerves,  except  possible  fibers  to  the  lung,  intact. 

Z.  Isolation  of  the  lung.  As  is  well  known,  the  lung  of  the  turtle  is 
a  bitobed  oigan,  united  by  the  two  long  (3  to  5  cm.)  bronchi  with  the 
very  elot^ated  trachea.  The  lungs  are  exceptionally  large  in  compari- 
son with  the  size  of  the  animal,  filling  the  dorso-Iateral  r^on  down  to 
the  pseudo-diaphri^m  separatii^  the  pelvic  cavity  and  the  urinary 
bladder  from  the  rest  of  the  viscera.  Except  for  the  posterior  end 
(about  one-sixth  of  the  entire  area)  the  lungs  are  so  firmly  attached  by 
fibrous  septa  and  membranes,  dorso-laterally  to  the  carapace,  and 
ventnMnedially  to  the  visceral  oigans,  that  complete  collapse  of  the 
lungs  is  impossible  without  severing  the  lungs  from  these  connections. 
It  is  therefore  obvious  that  accurate  recording  of  lung  tonus  and  lung 
contractions  requires  either  complete  anatomical  isolation  of  the  lung 
from  structures  whose  contractions  could  influence  the  lung  volume, 
directly  or  indirectly,  or  else  complete  curarization  of  the  animal.  We 
used  both  procedures. 

Complete  isolation  of  one  lung,  usually  the  left,  was  produced  in  the 
following  way.  The  animal  being  decerebrated,  fixed  on  the  turtle 
stand,  as  described  above,  the  dorsal  carapace  over  the  lung  was  re- 
moved, all  the  septa  and  membranes  suspending  the  lung  in  the  body 
cavity  were'severed,  care  being  taken  not  to  injure  the  bronchus,  or 
the  pulmonary  vagi  and  blood  vessels  entering  the  lungs  aloi^  the 
bronchus.  In  this  dissection  the  lung  was  not  handled  directly  with 
forceps  or  other  instruments.  It  was  handled  by  means  of  the  many 
membranes  and  tendons  attached  to  it.  It  is  not  necessary  to  remove 
these  structures  close  to  the  lung  surface  since  they  can  have  no  effect 
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on  the  lung  tonus  and  lung  contractions  after  being  severed  from  their 
nonnal  connections  with  the  rest  of  the  body.  This  applies  even  to  the 
large  flattened  striated  muscle  closely  adherent  and  attached  to  the 
anterior  end  of  the  lung.  Directed  median-  and  antero-laterally  over 
the  dorsal  lung  wall  and  being  innervated  by  fibers  from  the  brachifJ 
nerve  plexus,  the  contraction  of  this  muscle  reduces  the  size  of  the  lung 
cavity  and  thus  serves  as  a  muscle  of  expiration  (fig.  24),  supplementing 
the  expbatory  muscles  of  the  Sank  and  the  walls  of  the  body  cavity. 
This  muscle  is  probably  identical  with  the  one  described  by  Fano  and 
Fasola  as  occurring  in  Emys  europaea  (2). 

This  operation  and  isolation  of  the  left  lung  does  not  cause  collapse 
of  the  right  lung  or  vice  versa.  There  is  naturally  some  interference 
with  the  adequate  ventilation  in  the  limg  of  the  intact  side  by  the 
lowering  of  the  iutra-abdoniinal  pressure  and  the  incapacitation  of  the 
respiratory  flank  muscles  on  the  side  of  the  operation,  but  the  anim^ 
is  usually  capable  of  filling  and  emptying  the  lung  on  the  intact  side 
to  meet  the  respiratory  needs  of  the  body,  especially  if  one  takes  care 
not  to  pimctiue  the  delicate  septa  partially  separating  the  left  and  the 
right  side  body  cavities  along  the  line  of  the  great  retractor  muscle  of 
the  neck. 

In  figure  2  are  shown  by  diagram  the  main  vago-sympathetic  nerve 
connections.  The  pulmonary  vagi  branches,  usually  two  or  more  in 
number,  are  of  sufficient  size  and  length  to  be  easily  handled  for  experi- 
mental purposes;  and  the  bronchus  may  be  ligated  and  cannulated  with- 
out injury  to  the  pulmonary  nerves  or  vessels,  and  the  pulmonary 
vessels  may  be  ligated  or  cannulated  without  injury  to  the  nerves. 

There  is  a  persistent  tendency  on  the  part  of  some  anatomists  and 
zodlogists,  as  well  as  phyuologists,  to  speak  of  the  "bronchioles"  or 
bronchial  musculature  of  the  turtle's  lui%.  This  is  entirely  mis- 
leading. In  species  of  turtles  worked  on  by  us  the  bronchus  ter- 
minates peripherally,  not  by  the  mode  of  branching  into  smaller  and 
smaller  divisions  (bronchioles),  but  abruptly  in  the  general  lung  cavity. 
We  are  told  by  the  anatomists  that  the  numerous  septa  subdividing 
the  lui^  cavity  into  irregular  chambers  have  strands  of  smooth  muscle 
fibers  like  the  external  walls  of  the  lungs.  But  the  smallest  passives 
between  these  chambers  are  of  lai^er  diameter  than  the  trachea  itself. 
These  passages  and  septa  are  alveolated.  If  these  internal  septa  and 
irregular  passages  are  to  be'  termed  "bronchioles"  on  the  basis  of  their 
musculature,  the  entire  lung  of  the  turtle  is  composed  of  "bronchioles." 
These  subdivisions  in  the  turtle  lungs  are  alveolar  spaces  and  not  part 
of  the  dead  space  similar  to  the  mammalian  bronchioles. 
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3.  Recording  of  the  luTig  corOractions.  The  lui^  contractions  were 
recorded  graphically  by  water  manometers  or  delicate  tambours  through 
air  transmission  in  either  case,  suitable  cannulae  being  tied  either  into 
the  bronchus  or  the  free  end  (posterior  tip)  of  the  isolated  liu^,  the 
isolated  lung  being  distended  with  air  to  a  pressure  of  1}  to  3  cm.  of 
water.  In  such  a  preparation  active  voluntary  respiration  in  the  lui^ 
on  the  intact  side  will  still  cause  passive  changes  in  the  intrapulmonic 
pressure  in  the  isolated  limg  throu^  the  movements  of  the  viscera 
(on  which  the  isolated  and  inflated  lung  rests)  especially  as  a  result 
of  very  vigorous  expiratory  movements.  We  eliminated  this  source 
of  error  in  two  ways.  The  isolated  and  inflated  lung  was  suspended 
outside  the  body  cavity  without  traction  on  the  pulmonary  nerves  or 
interference  with  the  lung  circulation.  Or  a  metal  plate  was  adjusted 
to  the  body  cavity  on  the  operated  side,  fixed  rigidly  to  the  cut  ei^ 
of  the  carapace,  except  anteriorly,  and  the  isolated  and  inflated  lung 
placed  on  ttus  rigid  floor,  where  visceral  movements  could  not  influence 
it.  This  method  can  be  adjusted  so  as  not  to  cause  traction  on  the 
pulmonary  nerves,  or  interference  with  the  pulmonu^  circulation. 
The  best,  and  possibly  the  most  physiological  method  of  eliminating 
these  passive  lung  factors,  is  partial  curarization,  that  is,  doses  of  curare 
that  will  completely  paralyze  the  skeletal  muscles,  but  leave  the  muscles 
of  respiration  lar^y  intact.  In  our  animals  this  dose  varied  from  i 
to  i  cc.  of  1  per  cent  solution  of  curare  injected  intravenously.  Turtles 
subjected  to  these  doses  of  curare  go  on  breathing  regular^  thou^  not 
v^rously,  leg  and  neck  movements  are  abolished,  and  the  gentle 
respiratory  movements  on  the  intact  aide  either  do  not  mechanically 
influence  the  isolated  and  inflated  lung  on  the  operated  aide  at  all,  or 
else  this  passive  influence  is  regular  or  bo  slight  that  it  is  no  source 
of  error  in  the  work. 

When  all  these  dissections  were  completed  and  comiections  for  record- 
ing made,  the  dorsal  openii^  in  the  carapace  was  covered  with  a  thick 
layer  of  cotton  moistened  in  Ringer's  solution,  except  during  such  phaaes 
of  the  work  as  required  direct  inspection  of  or  working  with  the  isolated 
lung  or  its  local  nerve  and  blood  supply. 

4.  Artificial  respiration.  In  all  cases  of  complete  curarization,  arti- 
flcial  respiration  was  carried  out  periodically,  usually  in  the  intact  lung. 
For  that  purpose  a  T-connula  was  usually  inserted  in  the  trachea. 
This  tracheal  cannula  was  also  used  in  studying  the  reflex  influences 
of  pressure  changes  in  the  intact  on  the  isolated  lung.  The  venosity 
of  the  blood  in  the  isolated  lui^  was  a  satisfactory  criterion  of  the  need 
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of  artificial  respiration.  Needless  to  say,  artificial  respiration  was  also 
resorted  to  in  the  animals  not  curarised,  if  it  appeared  that  the  vpoa- 
t&neous  respiration  through  the  lung  on  the  intact  side  did  not  suffice 
to  avert  asphyxia. 

It  is  well  known  that  the  reptilia  execute  the  same  buccal  respiratory 
movements  as  the  amphibia,  although  actual  swallowing  of  the  air 
into  the  lungs  does  not  occur.  However,  in  labored  respiration  aa  in 
mild  or  severe  asphyxia,  the  reptilia  carry  on  actual  swallowing  move- 
ments as  a  part  of  the  respiratory  act.  These  swallowing  movements 
may  thus  be  used  as  an  index  of  external  respiration,  or  rather  attempt 
at  external  respiration,  in  anim^  with  the  respiratory  muscles  im- 
mobilized by  transection  or  pithing  of  the  spinal  cord. 

5.  Maintenance  of  efficient  drculalion.  If  we  start  with  an  animal 
vigorous  tlnd  in  good  condition,  and  care  is  taken  to  avoid  all  but  the 
minimiitn  hemorrhage  in  the  experimental  procedures,  a  good  circu- 
lation will  be  maintained  as  shown  by  direct  blood  pressure  records  or 
by  direct  inspection  of  the  isolated  lung,  for  12  to  24  hours  or  even 
longer.  In  feeble  animals  the  circulation  fails  much  earlier.  The 
circulatory  failure  is  due,  not  to  the  failure  of  the  heart,  but  to  low 
blood  pressure  evidently  due  to  trannidoHon  of  the  blood  j^ama  into 
tAe  lymph  arui  tissue  spaces.  This  is  not  ordinary  ooeing  of  blood  from 
cut  surfaces  or  hemorrhage  due  to  injured  vessels.  In  a  turtle  prepa- 
ration in  this  condition  intravenous  injection  of  Ringer's  solution  im- 
proveis  the  circulation  only  temporarily,  the  added  fluid  soon  passes 
out  of  the  blood  vessels  into  the  lymph  and  tissue  spaces,  and  repeated 
Ringer's  solution  injections  then  render  the  preparation  more  edonatous. 

It  is  not  unlikely  that  this  phenomenon  is  analt^ous  to  the  passage 
of  plasma  from  the  blood  to  the  tissues  in  traumatic  shock  in  "*«"""**■, 
as  reported  by  some  investigators. 

6.  AddUional  preparatiotu  of  the  animal  for  studying  tome  of  the 
lunfi  refiexes.  The  turtle  preparation  described  above  requires  do 
additional  dissection  for  the  study  of  the  lung  reflexes  induced  by 
inflation  or  deflation  of  the  intact  lung,  stimulation  of  the  nares,  the 
cloaca,  the  penis,  the  skin  or  the  skeletal  nerves.  It  is  even  possible 
by  careful  manipulation  to  get  at  and  stimulate  the  bladder,  the  rectum, 
ureter,  large  and  small  intestine,  etc.,  through  the  opening  in  the  donal 
carapace  made  for  the  isolation  of  the  lung,  without  altering  iha  tension 
on  the  lung  wall  mechanically.  In  the  artificial  stimulation  of  the 
central  end  of  the  pulmonary,  gastric  and  vagi  branches  on  the  side 
(^posite  to  the  lung  under  observation  it  is  usually  necesstuy  to  make 
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a  email  openii^  in  the  dorsal  carapace  on  that  side  and  partially  collapse 
the  intact  lung.  In  the  same  way  inflation  of  the  urinary  bladder  or 
the  rectum,  direct  stimulation  of  the  gall  bladder,  stomach,  etc.,  re- 
quires an  opening  of  the  carapace  posteriorly  on  the  side  opposite  to 
the  lung  under  observation,  if  one  is  to  avoid  mechanical  errors. 

7.  On  the  basis  of  our  own  results,  and  with  due  regard  to  methods 
used  by  previous  investigators  on  various  phases  of  reptilian  respiratory 
physiology,  we  feel  that  a  turtle  prepared  as  above  with  minimum 
trauma,  fixed  in  normal  position  without  trauma,  one  lung  isolated  for 
accurate  observation,  the  other  intact  and  used  in  normal  spontaneous 
respiration,  is  as  near  Its  normal  physiolc^ical  state  as  the  necessities 
of  the  problem  permit.  Most  phases  of  lung  physiology  in  the  turtle 
cannot  be  satisfactorily  studied  with  the  animal  fixed  with  the  dorsal 
side  down,  owing  to  the  special  anatomical  conditions. 

The  serious  and  unavoidable  difficulties,  apart  from  that  of  a  labo- 
ratory located  in  a  city  obtuning  turtles  in  prime  condition,  are  a, 
depressor  effects  or  "central  shock"  due  to  sensory  effects  involved  in 
the  operative  trauma;  b,  "peripheral  shock"  or  gradual  failure  of  the 
circulation  due  to  passage  of  the  blood  plasma  out  of  the  blood  vessels 
into  lymph  and  tissue  spaces.  It  is  generally  held  that  reptiles  show 
little  or  no  spinal  or  traumatic  shock,  and  this  was  our  main  reason, 
besides  that  of  avoiding  anesthesia,  for  working  out  the  visceral  reflexes 
first  in  this  form.  Shock,  spinal  and  general,  may  be  minimal  but  is 
certainly  not  absent  in  the  turtle. 

8.  Experimental  procedure  on  the  snake.  No  satisfactory  work  on 
the  contraction  of  the  lung  in  these  animals  can  be  done  without  virtu- 
ally removing  the  lung  from  the  body,  complete  pithing  of  the  spinal 
cord,  or  complete  curarization,  thus  immobilizing  the  body.  Curari- 
zation  is,  of  course,  not  appUcable  in  experiments  on  the  relation  of  the 
lung  contractions  to  the  external  respiratory  act.  Hence  we  used  the 
method  of  complete  pithii^  of  the  spinal  cord  after  transection  of  the 
cord  two  or  three  segments  below  the  medulla.  The  animal  was  then 
fixed,  dorsal  side  down,  the  lung  exposed  and  isolated  by  a  ventral 
median  incision,  taking  care  to  avoid  hemorrhage.  The  recording 
cannula  was  inserted  in  the  tip  of  the  limg  rather  than  in  the  tradiea. 
The  trachea  was  ligated  after  isolation  from  the  vagi  and  the  neck  blood 
vessels.  This  preparation  is  suited  only  for  studying  the  relation  of 
the  respiratory  movements  to  the  lung  contractions,  the  vagi  action 
on  the  lungs,  and  the  lung  reflexes  evoked  from  the  head  region  of  the 
animal.  In  the  pithed  snake  the  external  respu^tory  movements  B4>- 
pear  in  the  form  of  attempts  at  swallowing  air  just  as  in  t^e  turtle. 
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In  the  species  of  snake  used  by  us  the  lung  is  not  a  paired  organ. 
Alveoli  and  septa  are  present  in  the  anterior  third  of  the  lung  only, 
the  posterior  two-thirds  of  the  lung  being  a  delicate  apparently 
muscular  sac  very  much  like  the  primitive  lung  of  necturus.  There 
being  only  one  lung,  the  necessary  artificial  respiration  had  to  be  ear- 
ned out  periodically  in  the  lung  while  suspending  the  recording.  Uiis 
fact  renders  the  snake  much  less  suitable  than  the  turtle  for  the  study 
of  lung  motor  physiology. 

The  musculature  of  the  snake  lung  is  very  much  leas  developed  ibaa 
that  of  the  tiutle.  Even  delicate  water  manometers  are  not  sufi&dentiy 
sensitive  for  recording  the  lung  contractions.  The  snake  prepaiatioiis 
also  deteriorate  very  much  faster  than  does  the  turtle.  Because  of 
these  several  handicaps  the  work  on  the  snake  was  only  carried  to  the 
point  of  establishing  the  identity  of  the  fimdamental  facts  of  lung  motor 
physiology  in  these  two  groups. 

THE  BHTTBUIC  .CONTKACTIONS  OF  THE  LUNOS  DUBINO  NOBUAL  RESPl- 
aATION  AND  AFTER  PABTIAL  AND  COUPLETE  CnRARIZATION 

1 .  Typical  records  of  the  active  lung  contractions  that  follow  eaeb 
external  respiratory  act  or  a  group  of  respirations  are  reproduced  in 

Fig.  3.  Water  manometer  tracings  of  the  intrspulmoaic  pcemure  in  tlie  turtle. 
AnimaU  decerebrated.  A:  Record  from  left  lung;  dorsal  shell  removed  on  left 
side,  lung  isolated  except  nerve  and  blood  vessel  connections.  Cannula  in  left 
bronchus.  The  spontaneous  respiratory  movements  at  a  passively  infloeneinc 
-the  isolated  lung.  Each  group  of  respiratory  movements  is  fallowed  by  contrae- 
-tion  of  the  isolated  lung.  B:  TracingfromthesameanimalaBin  A,24hoiuBUtar 
-i^ter  recovery  from  curare.  Record  from  the  intact  (right)  lung.  Cannula  in 
trachea.  Each  group  of  reapirations  is  followed  by  contraction  of  the  laos- 
C:  Tracing  from  left  lung,  isolated  as  in  A,  after  intravenous  injection  of  a  doae  of 
curare  (ice.  of  1  percent,  toparalyie  skeletal  muscles).  Signal  equals  gasping  or 
Bwailowing  movements.  These  arc  followed  by  tuag  contractions.  D:  e,  left 
lung  isolated  as  in  A;  b,  right  lung  in  normal  attachments,  a,  carotid  blood  pre*- 
isure  (Hg.);  signal  equals  respiratory  movements,'  i  cc.  curare  injected  intraTe- 
I  noualy  leaving  slight  respiratory  movements  of  mouth  and  flanks.  Showing  laog 
coiitractions  following  respiratory  movements.  E  and  F:  Spontaneous  coulrae- 
'  t'i6n  bf  lutags  after  a  large  dose  of  curare  (1  cc.  1  per  cent)  completely  paralyaing 
all  striated  muscles.  B,  lung  isolated  as  in  A.  P,  lung  in  normal  attaefanxnt. 
Showing  rhythmic  lung  contractions  in  the  absence  of  external  evidence  of  n^ii- 
'.ration.  G  and  H:  Water  manometer  records  from  inflated  balloon  in  the  stomach 
of  the  turtle;  shell  intact;  stomach  atonic  and  quiescent,  but  showing  beginning 
of  feeble  rhythm  at  c;  a,  spontaneous  respiratory  movements,  quick  up  and  down 
stroke,  followed  by  lung  contractions;  6,  shown  as  diminished  tension  in  the  stom- 
ach because  of  the  lowered  intra-abdominal  pressure  created  by  the  active  long 
contraction,  the  shell  being  intact.    Time,  5  seconds. 


,,Google 


TISCERAI.  BENSOBT  NERVOUS  8TBTBU  273 


I  U  li. 


0(0  < 


,v  Google 


274  A.  J.   CABL0ON  AND  A.   B.  LtlCKHAKDT 

'  figure  3,  A,  B,  C.  The  limg  contraction  follows  the  respiration  after 
ft  latent  period  of  1  to  3  seconds.  In  preparations  in  poor  condition 
the  latent  period  is  usually  much  longer.  If  the  external  respiratory 
movements  are  of  the  Cheyne-Stokes  type,  the  lung  contraction  does 
not  appear  until  the  end  of  the  last  respiration  in  the  group,  especially 
if  the  respirations  come  fairly  close  together,  except  in  marked  a^hyxia. 
The  lung  contractions  are  usually  absent  when  the  external  respiration 
is  rapid  and  continuous.  This  absence  appears  to  be  due  to  inhibition 
of  the  center  controlling  the  lung  contractions  by  some  process  in  the 

■  external  respiratory  act. 

Under  cert^  conditions  acts  of  external  respiration  may  be  executed 
without  being  followed  by  a  contraction  of  the  lung.  This  is  especially 
the  case  in  animals  in  poor  condition  from  any  cause,  in  preparations 
in  partial  traumatic  shock  from  the  operative  procedure,  or  if  for  any 
reason,  such  as  apnea,  the  external  respiration  is  feeble.  By  feeble  we 
mean  feeble  discharges  from  the  respiratory  center.  The  general  rela- 
tion obtains  that  the  stronger  external  respiratory  act,  the  stronger  the 
lung  contractions  that  develop  during  the  respiratory  pause. 

Graphic  records  of  this  strong  lung  rhythm  may  be  obtained  from 
an  inflated  balloon  in  the  stomach  of  the  turtle,  provided  the  stomach 
is  relatively  quiescent  and  in  low  tonus  (fig.  3,  G  and  H).  The  external 
respiratory  act  induces  passive  changes  in  the  intragastric  pressure  (&g. 
3,  a,  a)  just  as  in  mammals,  except  reverse,  that  is,  in  the  turtle  expi- 
ration causes  increased  intragastric  pressure  and  vice  versa.  The 
active  lung  contractions  appear  on  the  gastric  balloon  records  as  waves 
of  negative  pressure  or  lowered  tonus,  owing  to  the  lung  contraction 
increasing  the  general  intra-abdominal  negative  pressure. 

Tracings  showing  the  lung  rhythm  as  it  appears  aft«r  complete  curari- 
zation  are  reproduced  in  ^gan  3,  E  and  F,  If  a  paralyzing  dose  of 
curare  is  injected  intravenously  in  a  preparation  breathing  apontaoe- 
ously  and  reguUu-ly  and  exhibiting  limg  contractions  as  in  figure  3,  A, 
the  brief  central  stimulation  phase  of  the  curare  action,  as  shown  by 
violent  body  movements  and  cardiac  arhythmia,  is  followed  by  ctMuplete 
quiescence  of  the  lungs  lasting  for  one-half  to  two  hours.  This  is  not 
due  to  peripheral  paralysis  of  the  pulmonary  motor  nerve  fibers.  It  is 
evidently  due  to  paralysis  of  the  medullary  centers  by  curare.  Reflex 
lung  contractions  can  be  secured  before  the  spontaneous  rhythm  ap- 
pears. But  when  the  spontaneous  lung  rhythm  reappears,  it  continues 
for  hours  or  indefinitely  provided  suitable  artificial  respiration  is  carried 
out  at  intervals  and  a  fairly  efficient  circulation  mwntained. 
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The  fact  tbftt  the  lung  liiythm  ^pears  in  completely  cunuiied  ani- 
mals showB  that  it  ia  not  due  to  reflexes  evoked  by  acts  of  external 
respiration.  It  shows  further  that  central  aod  efferent  nervous  pro- 
cesses of  the  external  respiration  go  on  during  the  curarized  state, 
because  these  lung  contractions  are  side  events-  in  the  normal  respi- 
ratory act. 

These  lui^  contractions  following  the  external  respiratory  act  have 
been  studied  and  described  by  Francois-Franck  (3),  (4)  in  several 
species  of  reptilia.  They  are  evidently  identical  with  the  active  lung 
contractions  following  the  respiratory  act  in  frogs  and  sBlrnnandcfS, 
recently  reported  by  us  (13)  and  (14).  It  may  be  of  some  interest  to 
note  that  in  this  regard  the  lung  physiology  of  ami^bia  and  rep- 
tilia is  similar  or  identical,  despite  the  fact  that  the  mechanisms  for 
effecting  lui^  ventilation  in  these  two  groups  of  animaU  are  entirely 
different. 

S.  As  already  noted,  the  lung  contractions  develop  during  the  resfH- 
ratory  pause,  and  if  the  respirations  come  close  t<^ether  they  msy  not 
appear  at  all,  except  in  states  of  marked  a^hyxia.  In  fact,  a  lung 
contraction  once  begun  may  be  weakened  or  cut  short  by  an  act  of 
external  respiration  comii^  on  before  completion  of  the  contraction. 
It  would  thus  appear  that  while  a  single  respiratory  dischaigfi  frc»n  the 
respiratoiy  center  will,  as  a  side  effect,  induce  a  lung  contraction  after 
a  characteristic  latent  period,  several  respiratory  dischai^es  following 
in  succession  closer  than  this  latent  period  of  the  limg  contractHm 
interferes  with  this  development  in  such  a  way  that  the  limg  contrac- 
ti<m  follows  the  last  respiratory  act  only.  We  have  made  very  great 
^orts  to  determine  the  mechanism  of  this  interference  by  satisfactory 
experiments. 

On  most  of  our  tracings  from  the  isolated  lung,  the  animal  breathing 
spontaneously  by  the  lung  on  the  intact  side,  there  appears  a  tonus 
relaxation  of  the  isolated  lung  during  the  period  of  external  respiration, 
that  is,  prior  to  the  active  limg  contraction.  This  may  be  seen  in 
figure  3,  A,  and  figure  6,  A.  If  all  purely  mechanical  factors  were 
excluded,  this  would  indicate  a  central  inhibition  of  the  lung  tonus  by 
dischai^es  from  the  respiratoiy  center  prior  to  the  central  processes 
initiating  the  lung  contractions.  Francois-Fraock  (4),  (5)  has  eaBed 
attention  to  the  fact  that  on  stimulation  of  the  peripheral  end  c^  the 
incompletely  isolated  vagus  the  lung  contraction  produced  l^  this 
stimulation  may  be  preceded  by  an  apparent  inhibition  of  the  lung  tonus, 
in  reality  due  to  mechanical  factors  developed  in  the  body  cavity  as  the 
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result  of  the  contractions  of  some  muscles  of  the  neck.  Furthennore, 
if  the  isolated  and  inflated  lung  presses  against  any  structure  in  the 
body  cavity  with  a  force  equal  to  or  greater  than  the  internal  pressure 
nuuntained  in  the  lung  (1^  to  2  cm.  water)  and  if  these  structures  are 
so  moved  by  the  act  of  spontaneous  inspiration  that  the  pressure  on 
the  outside  of  the  lung  is  decreased,  the  net  result  would  be  an  apparent 
tahibition  of  the  tonus  of  the  isobited  lung  during  the  ^eternal  respi- 
ratory acts.  We  endeavored  to  eliminate  this  source  of  error  by  com- 
plete curarization,  by  section  of  the  spinal  cord  below  the  medulla, 
and  by  suspending  the  isolated  lung  partly  outside  the  body  cavity. 
In  completely  curarized  preparations  there  is,  of  course,  no  external 
respiratory  act,  but  the  facts  cited  above  go  to  show  that  the  discharge 
from  the  respiratory  center,  after  an' initial  paralysis,  is  resumed  and 
continues  rhythmically.  Despite  this  fact  inhibition  of  the  lung  tonus 
prior  to  the  lung  contractions  rarely  if  ever  appears  on  the  tracings 
from  our  completely  curarized  animals.  This  may  be  due,  however, 
to  a  depression  of  the  medullary  centers  by  the  drug  (direct  chemical 
action,  or  indirect  by  altering  or  diminishing  afferent  skeletal  nervous 
impulses)  to  such  an  extent  that  the  tonus  motor  action  of  the  medul- 
,lary  centers  on  the  lung  is  abolished.  Without  such  tonic  motor  action 
there  could  be  no  relaxation  of  lung  tonus  by  central  inhibition.  .  Tliis 
negative  result  on  completely  curarized  animals  is  therefore  no  criterion 
of  what  the  dischaiges  from  the  respiratory  center  may  do  in  the  diiec- 
tiott  of  central  inhibition  of  lui^  tonus,  when  such  central  motor  tonus 
is  present. 

We  have  secured  tracings  from  animals  partly  curarized,  from  ani- 
mals with  sectioD  of  the  spinal  cord  in  the  neck,  and  from  animals 
without  ourare  or  spinal  cord  transection,  but  with  the  observed  lung 
suspended  outside  the  body  cavity,  indiaaing  a  central  inhibUimi  of 
tite  lung  tonus  by  the  dia^iarge  from  the  reajnraiory  center,  an  ir^ibititm 
■prior  to  the  vuAor  innervation  of  the  luttg.  A  tracing  illustrating  this 
fact  is  shown  in  figure  6,  B.  Water  manometers  are  usually  not  delicate 
enough  to  disclose  the  inhibition.  This  inhibition  is  probably  pro- 
portional to  the  amount  of  central  motor  tonus  in  the  lungs. 

From  the  point  of  view  of  utility  or  teleolc^y  this  inhibition  would 
be  expected,  as  greater  relaxation  of  the  lung  tonus  means  less  resistance 
to  limg  inflation,  and  active  lung  contraction  would  counteract  the 
inspiratory  effort.  The  possible  utility  of  the  active  lung  contraction 
following  the  respiratory  act  is  another  matter.  Useless,  useful  or 
harmful,  it  is  there,  and  we  are  at  present  concerned  only  with  the 
s  of  its  initiation  and  control. 
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3.  We  desire  to  point  out,  however,  that  the  above  described  rela- 
tions of  the  external  respiratory  act  to  the  active  Iimg  contractiooB  arr 
similar  to  the  relation  of  the  Bwallowing  act  to  the  periBtalsis  of  the 
esophagus.  If  the  swallowing  acts  are  sufSciently  far  apart,  each  swak 
lowii^  is  followed  by  a  peristaltic  wave  of  the  esophagus  initiated  from 
the  medulla.  If  the  swallowing  acts  are  repeated  at  very  brief  intervals 
esophageal  peristalus  follows  the  last  swallowii^  act  only.  The  parallel 
between  swallowing-esophageal  peristalsis  and  respiration-long  con- 
traction appears  complete,  despite  the  very  diverse  functions  of  the 
two  mechanisms.  The  limg  has  the  same  organogenesis  as  the  esopha- 
gus, and  the  primitive  mechanism  for  external  respiration  is  swallowing, 
the  active  lung  contractions  following  the  respiratory  act  (airswallow- 
ing)  serving  probably  a  real  respiratory  function.  As  the  meclumism 
of  external  respiration  changes  with  the  reptilia  the  organc^nesis 
and  primiuy  nervous  relations  of  the  lung  remaining  the  same,  the 
lung  inhibition  and  eoniractions  associaied  vntk  the  respiratory  aid  may 
represent  inherited  meehaniame  useless,  if  not  at  times  aetually  harmful  to 
animals  provided  wUh  this  later  respiratory  device.  It  may  be  a  veOigial 
mechanism  on  the  road  to  elimination  in  the  process  of  a>oivtion. 

4.  The  influence  of  asphyxia  on  the  bulbar  center  for  the  lung  rhythm 
appears  to  run  parallel  with  the  influence  of  asphyxia  on  the  resinratorj' 
center.  In  curarized  preparations  permitted  to  go  into  varying  degrees 
of  asphyxia  the  lung  rhythm  increases  in  rate  and  intensity  to  the  point 
of  incomplete  lung  tetanus  parallel  with  increasing  asphyxia  (fig.  4), 
It  ia  clear  that  asphyxia  increases  the  limg  tonus  by  central  motor  actitm. 
The  lung  rhythm  does  not  end  in  this  state  of  incomplete  tetanus.  If 
the  state  of  asphyxia  is  permitted  to  continue,  the  incomplete  tetanus 
st^e  is  followed  by  feebler  lung  contractions  appearing  at  greater  and 
greater  intervals  (5  to  10  minute  intervals  in  some  cases)  beforethe 
final  quiescence.  This  probably  repr^ents  the  well-known  final  feeble 
activity  of  the  respiratory  center  wh^  the  asphyxia  is  carried  beyond 
the  point  of  stimulation  to  that  of  actual  impairment  of  the  center. 

Further  evidence  of  this  complete  paraUel  is  furnished  by  the  type 
of  experiments  illustrated  in  figure  5.  Here  artifici^  respiration  through 
the  intact  lui^,  normal,  A,  and  denervated,  B,  both  preparations  being 
completely  curarized,  inhibits  the  tonus  and  rhythm  in  non-asphyxiated 
preparations,  A,  evidently  by  inducing  apnea,  and  diminishes  the  tonus 
and  incomplete  tetanus  in  the  asphyxiated  preparation,  evidently  by 
decreasing  the  asphyxial  condition  of  the  blood. 
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In  non-curamed  preparations,  in  which  one  can  follow  the  action 
of  the  respiratory  center  by  meana  of  the  external  respiratory  acts,  con- 
tractions of  the  isolated  lung,  not  related  to  any  external  respiration, 
may  appear  daring  asphyxia.  It  appears  that  asphyxia  may  occasion- 
ally disoifianize  the  normal  correlation  between  the  respiratory  center 
and  the  vagi  center  controlling  the  lut^  contractions,  and  that  asphjndal 
conditions  are  capable  of  stimulating  the  latter  centers  directly. 


Fig.  S.  Tracings  of  the  intrapulmonic  preiBure  in  the  turtle.  Left  lunf,  iao- 
lated  except  pulmonary  nerves  and  blood  vessels.  Left  bronchus  ligated.  Can- 
nula in  tip  of  lung.  Animals  decerebrated.  Right  lung  left  in  normal  relations. 
A:  signal,  spontaneous  respiration.  Showing  inhibition  of  tonus  of  iaolatad 
lung  during  respiratory  morementa  followed  by  strong  contraction  of  lon^. 
Water  manometer.  B:  animal  partially  curarised,  having  respiratory  muscles 
in  feeble  activity.  Signal,  spontaneous  respiratory  movements.  Both  tracings 
from  left  isolated  lung,  a,  record  from  delicate  tambour;  6,  water  manometer. 
Showing  lung  contractions  following  spontaneous  reepiratoij  movement*,  pre- 
ceded  by  tonus  inhibition,  as  revealed  by  tambour,  the  water  manometer  not  being 
delicate  enough  to  register  the  tonus  inhibition. 

THE  BOLE  OF  THE  EFFEBENT  PULMONABY  VA6I  FIBERS  AND  THE  VARIOUS 

PABTS  OF  THE   BBAIN  IN  THE  GENESIS  OF  THE  BHTTHHIC 

LUNO   CONTRACTIONS 

/.  Ib  the  species  of  turtle  studied  by  ua  the  spontaneous  lung  con- 
tractions are  of  central  origin,  and  the  motor  innervation  is  through 
the  vagi,  as  shown  by  Kahn  (8)  and  Fran^ois-Franck  (5)  for  the  com- 
mon luid  turtle  of  Europe.  This  may  be  shown  by  experimenta  such 
as  reproduced  in  figure  7,  A.  In  that  case  the  animal  was  completely 
curarized,  graphic  records  being  taken  of  the  lung  contractions  both 
from  the  isolated  and  the  intact  lungs.  The  intact  lung  has,  of  course, 
its  sympathetic  nerve  connection  intact.  Nevertheless  section  of  the 
vagus  nerve  on  the  side  of  the  intact  lung  abolishes  the  strong  con- 
tractions in  that  iut^  at  once  and  forever.    The  section  of  one  v^us 
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atop8  the  contraction  of  the  Itmg  on  the  opposite  side  temporarily 
through  stimulation  of  afferent  inhibitory  fibers  in  the  vagus  trunk 
depressing  the  medullary  centers.  It  is  thus  clear  that  the  motor 
innervation  of  the  lung  rhythm  is  solely  through  vagi  nerves.  The 
same  fact  can  be  illustrated  by  the  use  of  atropine.  Atropine  paralyzes 
the  vagi  motor  fibers  in  the  lungs.  The  tracing  reproduced  in  figureS, 
C,  was  secured  from  the  left  lui^  of  a  dompletely  curarized  preparation, 
the  lung  being  isolated  from  the  body  except  for  the  pulmonary  blood 


Fig.  8.  Water  manometer  tracings  of  the  intrapulmonic  presaure  in  the  turtle. 
Animals  decerebrated.  Left  lung  isolated,  cannula  in  tip;  right  lung  in  uomul 
relations.  A  and  B,  showing  lung  contractions  following  the  spontaneous  respi- 
ratory moTementa.  A:  a,  section  of  right  vagus  in  neck,  followed  by  temporary 
inhibition  (central)  of  the  tonus  and  contractions  of  the  opposite  lung,  also  tem- 
porary inhibition  of  the  respiratory  movements.  The  latter  reappear  at  X,  but 
are  not  followed  by  lung  contractions.  Tracing  B  ie  continuation  of  A  after  a  0 
minute  interval,  the  lung  contractions  gradually  regaining  normal  vigor.  C:  ani- 
mal completely  curariied;  lung  in  strong  tonus  and  contractions,  probably  tiom 
partial  asphyxia,  a,  intravenous  injection  of  }  mgm.  atropine  sulphate  fallowed 
by  permanent  inhibition  (peripheral  action)  of  lung  tonus  and  contractions. 
Signal  shows  vagus  stimulation  is  without  effect  on  lung. 

These  tracings  indicate  a  tonic  condition  of  the  medullary  center  controlling 
the  lung  motor  tissues.  This  center  is  more  profoundly  influenced  by  depres- 
sant impulses  ("shock"?)  than  is  the  respiratory  center. 

vessels  and  pulmonary  vagus  branches.  Intravenous  injection  of  0.5 
mgm.  atropine  sulphate  abolished  the  lung  rhythm  promptly  just  as 
it  abolished  the  motor  action  of  the  vagus  on  the  lung  musculature. 

The  reader's  attention  may  agun  be  directed  to  the  (all  in  lung  tonus 
induced  by  peripheral  vagus  paralysis  of  atropine  and  by  afferent  de- 
preesor  impulses  acting  on  the  medulla  (fig.  8,  A  and  C).  The  tracings 
in  ^ure  8  show  at  least  that  under  some  conditions  (partial  asphyxia) 
the  medulla-vagi-Iung  motor  mechanism  is  in  a  state  of  tonic  activity, 
in  which  the  stronger  rhythmic  contractions  are  superimposed  much 
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like  the  constant  tonus  and  the  occasional  peristaltic  contractions  of 
the  gut.  We  have  so  far  been  unable  to  demonstrate  this  tonic  activity 
under  more  nearly  normal  conditions;  but  our  results  point  in  the  di- 
rection of  some  normal  motor  tonus. 

g.  The  inhibition  of  the  contractions  of  the  lung  on  the  opposite 
side  induced  by  section  of  one  vagus  (afferent  inhibition  of  a  central 
automatism)  is  usually  more  prolonged  than  shown  in  figure  7,  A. 
In  preparations  not  curarized  it  can  be  shown  that  section  of  one  vagus 
temporarily  inhibits  both  external  respiration  and  the  tonus  and  con- 
tractions of  the  lung  on  the  opposite  side,  the  external  respiratory 
acts  returning  sooner  than  the  lung  contractions. 

Section  of  the  spinal  cord  in  the  neck  also  produces  a  very  prolonged 
inhibition  of  the  medullary  center  initiating  the  lut^  rhythm  (fig.  7,  B). 
This  central  inhibition  or  shock  is  shown  not  only  by  the  temporary 
abolition  of  the  spontaneous  rhythm,  but  also  by  the  lowerii^  of  the 
excitability  of  these  centers  to  reflex  stimulation  leading  to  lung  con- 
tractions. 

S.  As  reported  by  many  previous  investigators,  stimulation  of  the 
peripheral  end  of  the  vagus  nerve  in  the  turtle  causes  contraction  of 
the  lung  musculature  (%.  9,  C).  We  have  never  seen  any  inhibitory 
effects  on  the  lung  in  the  turtle  from  stimulation  of  the  peripheral  vagus. 
This  appears  to  us  significant  in  view  of  the  fact  that  in  the  frog  the 
predominant  action  of  the  vagi  on  the  lungs  is  inhibitory,  and  in  the 
most  primitive  amphibian  lung  (necturus)  all  the  efferent  lung  nerve 
fibers  appear  to  be  iuhibitory. 

In  the  species  of  turtle  studied  by  us  the  motor  action  of  the  vagi 
on  the  lungs  is  strictly  unilateral.  Single  induction  shocks  (make  or 
break)  applied  to  the  peripheral  vagus  will  not  cause  lung  contractions 
unless  exceedingly  strong.  Weak  tetanizing  currents  applied  to  the 
vagi  induce  an  incomplete  tetanus  or  rhythm  that  seems  to  indicate 
a  certain  degree  of  refractory  state  in  the  peripheral  mechanism.  Strong 
tetanieation  of  the  vagi  will,  however,  induce  curves  of  complete  tetuius 
closely  resembling  those  of  an  ordmary  muscle  nerve  preparation  (fig. 
9,C). 

In  view  of  the  identity  of  origin  and  certain  similarities  in  the  nervous 
control  of  the  lung  and  the  alimentary  canal,  we  made  some  comparisons 
between  the  vagi  motor  action  on  the  lungs  and  on  the  stomach  (fig. 
10).  The  latent  period  of  the  vagi  motor  action  on  the  stomach  is 
very  much  longer  than  its  motor  action  on  the  lung.  The  turtle's 
stomach  cannot  be  tetanized  by  vagus  stimulation;  the  lungs  can  be 
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tetanized.  The  third  marked  difference  is  the  quick  failure  of  vagus 
motor  action  on  the  stomach  on  repeated  stimulation  in  compaiison 
with  the  repeated  tetany  of  the  lungs  that  may  be  induced  by  vagus 
stimulation.  These  differences  may  be  due,  in  part,  to  the  fact  that 
in  the  tiutle  the  vagi  carry  inhibitory  efferents  to  the  stomach  in  ad- 
dition to  the  motor,  while  the  efferent  vagus  limg  action  is  solely  motor. 
The  differences  also  suggest  that  the  gut  has  retained  more  of  it«  primi- 
tive automatism  (independent  peripheral  nervous  syston)  «iiile  the 


Fig.  9.  Water  nunometer  trMtngs  of  the  oontrMtioni  of  the  laolated  hus  of 
the  turtle.  Animal  decerebrated  and  completely  curariied;  left  lung  isolated 
exospt  for  pulmonary  vagi  fibers  and  blood  veoaels.  Cannula  in  left  broodiiia. 
Stimulation  with  moderately  Btrong  tetaniiing  current,  A,  optio  lobea,  B,  medulla, 
C,  peripheral  end  of  left  vagus,  showing  incomplete  and  complete  tetanus  of  the 
long  musculature. 

differentiation  in  the  lung  has  been  toward  the  more  simple  relatitMii 
of  a  muscle  nerve  preparation. 

4.  In  1878  Martin  reported  that  stimulation  of  the  optic  lobes  in 
the  frog  accelerates  the  external  respiratory  movements.  Sincethat 
time  several  investigators  have  concerned  themselves  with  the  pn^lem 
of  accessory  respiratory  centers  above  the  level  of  the  medulla.  Re- 
cently Coombs  (12)  reported  that  stimulation  of  the  optic  lobes  or  the 
medulla  in  the  turtle  with  weak  tetaniziog  current  causes  lung  contrac- 
tions via  the  vagi  n 
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Ab  we  have  shown,  the  normal  rhythmic  contractions  of  the  turtle 
lung  are  side  events  in  the  external  respiratory  act.  This  being  the 
case,  we  would  expect  lung  contractions  from  stimulation  of  any  part 


Fig.  10.  Simultaoeoiu  water  manometer  traoiaga  of  the  atomaoh  and  the  lung 
oontiaetioiu  on  atimulation  of  the  peripheral  end  of  the  vagi  nerves  in  the  turtle. 
In  A  and  B,  upper  record  from  atomaoh  (balloon  method) ;  lower  record  from  left 
lung:,  isolated  except  for  the  pulmonar)'  blood  vessela  and  vagi  fibers;  cannula 
in  left  bronohuB,  Signal,  gtlmulation  of  peripheral  end  of  left  vagus  with  the 
tetaniaing  current.  Showing  longer  latent  period,  more  rapid  fatigue  and  ab- 
•enee  of  tetanua  in  the  gastric  response  to  vagus  stimulation. 
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of  the  central  nervous  system  that  has  motor  connections  with  the 
medullary  respiratory  center.  This  has  turned  out  to  be  a  fact,  at 
least  as  regards  the  optic  lobes.  In  figure  9,  A  and  B,  are  reprodueed 
typical  tracings  of  the  incomplete  tetanus  the  lung  induced  by  stimu- 
lation of  the  optic  lobes  and  the  medulla  with  weak  tetanizing  currents. 
The  lung  contraction  curves  induced  from  the  optic  lobes  and  from  the 
medulla  in  completely  curarized  turtles  are  practically  indistinguishable. 
Both  centers  fail  quickly  under  this  type  of  stimulation  and  there  is 
a  single  after-discharge  (limg  contraction)  that  appears  more  normal 
than  the  contractions  induced  directly  by  the  stimulation.  Complete 
tetanus  of  the  lungs  cannot  be  induced  by  central  stimulation,  evidently 
because  of  central  refractory  states. 

A  tonus  rhythm  or  spontaneous  contraction  of  the  limg  after  aecti<Mi 
of  the  vagi  nerves  similar  to  that  described  by  Fano  and  Fasola  (2) 
in  the  European  turtle,  has  been  seen  occasionally  in  our  turtle  prepa- 
ration, when  we  used  an  exceedingly  delicate  tambour  as  a  recording 
device.  The  contractions  are  feeble  but  slow  and  regular.  They  may 
persist  for  hours  (fig.  2Z,A).  It  is  probable  that  a  peripheral  automatic 
motor  mechanism  of  the  lung  is  present  in  all  species  of  turtle,  atthou^ 
it  may  differ  in  degrees  in  various  species;  but  it  requires  not  only  deli- 
cate recording  devices  but,  above  all,,  animals  in  prime  condition  to 
reveal  it.  It  is  certwn  that  parallel  with  the  development  of  the  new 
type  of  external  respiratory  mechanism  in  the  reptilia,  the  peripheral 
lung  motor  automatism,  so  prominent  in  the  amphibia,  has  retn^raded 
or  has  been  changed  to  one  of  primarily  medullary  origin. 

LUNQ  REFLEXES 

1.  Lung  reflexes  pom  aeriaory  stimulo^ton  of  the  respiratory  trad:  a. 
The  pulmonary  branches  of  the  vagi  contain  two  kinds  of  afferent  fib^s 
acting  on  the  medullary  center,  one  type  causing  refiex  lung  contraction 
in  a  quiescent  preparation,  or  acceleration  of  the  contractions  in  an 
active  preparation.  The  other  type  causing  inhibition  of  the  tonus  in 
the  case  of  quiescent  preparations  or  of  the  contractions  in  active  prep- 
arations. For  the  sake  of  brevity  we  call  these  motor  and  inhibitory 
afferents,  respectively.  The  motor  afferents  are  stimulated  by  inflation 
as  well  as  by  deflation  of  the  lung  (fig.  U)  or  by  the  weak  tetanizing 
current.  Strong  tetanizing  currents,  on  the  other  hand,  stimulate  the 
inhibitory  afferents.  In  all  these  experiments  the  lung  inflation  and 
deflation,  and  the  direct  stimulati(m  of  the  central  and  of  the  pulmonary 
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vagi,  we  used,  of  course  the  lung  and  vagus  on  the  opposite  side  to  the 
lung  serving  to  record  the  contractions.  In  no  case  did  we  note  the 
inhibitory  afferents  being  stimulated  by  lung  inflation  or  lung  deflation. 

Typical  tracings  showing  the  reflex  tung  contraction  on  lung  in- 
flation and  deflation  are  given  in  figure  11.  Tracings  showing  the 
opposite  reflex  effects  on  weak  and  on  strong  tetanization  of  the 
central  end  of  the  pulmonary  vagi  are  reproduced  in  figure  12.  The 
pulmonary  motor  afferents  can  also  be  stimulated  by  other  mechanical 
means,  for  example,  rubbing  the  collapsed  lung  of  one  side  between 
one's  fingers  induces  reflex  contraction  in  the  opposite  side  via  the 
medulla. 

Reflex  lung  tetanus  cannot  be  produced  by  lung  deflation  or  inflation, 
that  is,  the  active  change  in  the  intrapulmonic  pressure,  and  not  the 
state  of  continued  inflation  or  collapse  that  acts  as  stimulus  to  the 
motor  afferents. 

In  preparations  not  curarised,  but  breathing  normally  by  means  of 
the  intact  lung,  single  inflation  of  the  intact  lung  during  a  respiratory 
pause  usually  gives  a  reflex  lung  contraction;  but  if  the  inflation  is 
made  shortly  after  completion  of  a  spontaneous  contraction  by  the 
isolated  lung,  the  reflex  may  not  be  elicited.  The  same  is  true  if  a  series 
of  lung  inflations  is  produced  with  very  short  intervals  between  each 
inflation.  These  facts  evidently  point  to  a  condition  of  refractory 
state  of  the  medullary  reflex  center,  unless  the  phenomenon  can  be 
due  to  simultaneous  stimulation  of  the  inhibitory  pulmonary  afferents. 

In  turtle  preparations  in  good  condition  deflation  of  one  lung  by 
suction  through  the  trachea  invariably  initiates  or  accelerates  the  ex- 
ternal respiratory  movements.  Lung  inflation,  on  the  other  hand, 
may  start  a  respiratory  movement  or  it  may  temporarily  inhibit  the 
external  respiration.  It  is  thus  evident  that  stimulation  of  the  pul- 
monary motor  afferent^  by  lung  inflation  may  initiate  reflex  lung 
contractions  by  acting  on  the  medullary  motor  center  directly,  the  dis- 
chai^  of  the  respiratory  center  not  being  a  necessary  linlr  in  the  chain. 

We  have  found  that  a  single  inflation  of  the  intact  or  isolated  lung 
aerates  the  blood,  accelerates  the  heart  and  by  so  doing  improves  the 
circulation  through  the  medullary  centers  because  of  the  increase  in 
the  general  arterial  pressure.  It  is  certain  however  that  the  contrac- 
tion of  the  isolated  lung  following  one  or  more  inflations  of  the  intact 
lung  does  not  occur  because  of  the  improved  circulation  of  a  more 
highly  oi^genated  blood  tiirough  the  medullary  lung  center;  for  this 
reflex  contraction  persists  not  only  following  the  inflation  of  a  lung  the 
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pulmonary  vessels  of  which  have  been  occluded  by  a  temporary  ligature 
but  can  be  elicited  for  a  considerable  time  after  the  complete  excision 
of  the  heart.  On  the  other  hand,  it  is  not  obtained  from  the  isolated 
lung  following  a  single  or  several  inflations  of  the  denervated  but  other- 
wise intact  lung  of  the  opposite  side. 

We  designate  the  reflex  inhibition  of  lung  tonus  and  contraction  by 
strong  tetanization  ae  due  to  a  separate  type  of  sensory  fibers,  the 
inhibitory  afferents,  at  the  same  time  keeping  in  mind  the  possibility 
that  this  inhibition  may  in  reality  be  due  to  abDormally  strong  or 


Fig.  13.  Water  manometer  trftcings  of  the  intrApulmonic  pressure  in  the  tnrtle. 
Animals  decerebrated  and  completely  curariied.  Records  from  left  lung  ioolated 
except  from  pulmonary  blood  veaaela  and  vagi  branehee.  Cannula  in  left  bn»- 
cbuB.  A  and  B:  stimulation  of  central  end  of  recurrent  laryngeal  nerre,  showing 
reflex  inhibition  of  the  lung  rhythm.  C:  stimulation  of  central  end  of  gaatrie 
branehea  of  right  vagus,  showing  reflex  augmentation  of  the  lung  rhythm. 

abnormally  rapid  series  of  impulses  over  the  motor  afferents  impinging 
on  the  central  automatic  mechanism.  This  stimulation  also  inhibits 
the  external  respiratory  movements. 

b.  Stimulation  of  the  central  end  of  the  inferior  or  recurrent  laryngeal 
nervee  causes  invariably  reflex  inhibition  of  the  lung  tonus  aod  con- 
tractions (fig.  13,  A  and  B).  At  no  time  was  reflex  lung  contraction 
obtained  from  the  central  end  of  this  nerve.  Motor  afferents  for  the 
limg  reflex  are  either  absent  or  the  inhibitory  afferents  are  so  pre- 
dominant that  the  action  of  the  former  type  is  entirely  suppressed  on 
simultaneous  stimulation  of  the  two  types. 
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Observations  od  the  effects  of  external  respiration  of  stimulation  of 
the  central  end  of  the  inferior  larynge^  were  not  made  but  in  con- 
nection with  this  reflex  depression  of  the  lung  contraction  mechanism 
we  can  state  that  mechanical  tension  or  pulling  on  the  trachea  causes 
profound  depression  of  the  respiratory  center  (hg.  14).  Mechanical 
stimulation  of  the  larynx  and  glottis  (rubbing  with  blunt  probe)  on 
the  other  band  induces  strong  lung  contractions. 

e.  Mechanical  stimulation  (gentle  rubbing)  of  the  posterior  nares 
causes  very  powerful  lung  contractions.     If  the  stimulation  is  long- 


Fig.  14.  Tracing  of  reapiratoiy  movementH  (water  manometer)  in  tbe  turtle. 
Animal  decerebrated;  cannula  in  trachea,  rapid  respiration  due  to  partial  as- 
phyxia ;:r-x',etrong  forward  traction  on  trachea,  inducing  a  temporary  depression 
of  the  respiratory  center,  probably  through  stimulation  of  the  recurrent  laryngeal 


continued  the  lung  goes  into  incomplete  tetanus.  This  stimulation 
initiates  lung  contractions  in  quiescent  preparations  and  accelerates 
the  rhythm  in  active  preparations.  When  the  nares  are  thus  stimu- 
lated in  decerebrated  but  non-curarized  preparations  such  stimulation 
induces  most  violent  respiratory  efforts  and  general  struggling. 

In  general  the  reflex  lung  contractions  evoked  from  the  nares  are 
more  powerful  than  those  produced  by  stimulation  of  any  other  region 
of  the  respiratory  tract.  It  is  one  of  the  last  lung  reflexes  to  disappear 
as  the  preparation  deteriorates  from  circulatory  failure,  and  other 


,v  Google 


292  A.  1.   CARLSON  AND  A.   B.   LDCKHAKDT 

causes,  in  long  continued  expeiimentK  ReSex  lung  contractions  from 
the  nares  can  be  obtained  in  preparations  with  the  medullary  center 
in  Buch  poor  condition  ("reflex  ahock")  that  the  spontaneous  extemal 
respiratory  act  is  not  accompanied  by  lung  contraction,  all  of  wliich 
point  to  the  fact  that  the  sensory  nerve  fibers  of  the  posterior  nares 
make  strong  motor  connection  with  the  medullary  center  controlling 
the  Itmg  contraction.  Stimulation  of  the  posterior  nares  with  chemical 
irritants  were  not  tried, 

S.  Lung  reflexes  from  spinal  serisory  Tierves:  Weak  tetanizing  of  the 
central  end  of  any  spinal  nerve  causes  reflex  tung  contraction.  Most 
of  the  tests  were  made  with  the  sciatic  and  the  large  brachial  nerves. 
Weak  stimulation  accelerates  the  rhythm  in  an  active  preparation  and 


Fig.  15.  Water  manometer  tracings  of  the  iatrapulmonic  preuura  in  the  turtle. 
Records  from  isolated  left  lung,  cannula  in  left  bronchus,  pulmonary  vagi  fiber* 
and  blood  vessels  being  intact.  Animal  decerebrated.  A,  aaimal  completely 
ciirarised;£,  animal  not  curarised.  Signal,  mechanical  stimulation  of  the  nana, 
showlDg  incomplete  tetanus  (reflex),  of  greater  amplitude  than  that  of  the  rfaytb- 
mieal  limg  contractions. 

initiates  a  rhythm  in  quiescent  preparations  (fig.  16,  A,  fig.  17,  ^4). 
Strong  stimulation  induces  incomplete  lung  tetanus  (fig.  16,  B  at  z-af, 
^.  17,  C).  In  quiescent  preparations  the  incomplete  lung  tetanus  may 
be  followed  by  brief  periods  of  apparently  spontaneous  lung  rhythm 
(fig.  17,  B). 

If  the  preparations  are  in  good  condition  gentle  nibbing  of  the  skin 
causes  lung  contractions.  Pinching,  crushing  or  cutting  the  skin  causes 
powerful  motor  reflexes  into  the  lung  (fig.  16,  C),  even  when  the  reflex 
excitabihty  is  not  at  its  maximum.  Strong  lung  contractiona  are 
likewise  induced  by  mechanical  (nibbing  with  a  blunt  probe)  or  elec- 
trical stimulation  of  the  cornea. 

Reflex  inhibition  of  the  lung  toniis  or  the  rhythmical  contractionfl 
were  not  obtained  from  the  spinal  sensory  nerves  by  any  mode  (A 
stimulation. 
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Fig.  16.  Water  manometer  tracings  of  the  intrapulmonic  pressure  in  the  turtle. 
Animals  decerebrated  and  completely  curariied.  Records  from  left  lung,  iso- 
ated  except  for  pulmonary  blood  vessels  and  vagi  nerves.  Cannula  in  tip  of 
lung,  bronchus  ligated;  A:  light  stimulation;  B:  stronger  stimulation  of  central 
end  of  sciatic  nerve,  shoving  acceleration  and  incomplete  tetanus  of  lung  rhythm. 
C;  a,  stroking  of  skin  of  hind  leg  with  finger;  b,  pinching  toes  of  hind  leg,  x,  cut- 
ting skin  of  hind  leg.  Showing  refiex  lung  contraction  on  stimulation  of  cutaneous 
nerves. 


Fig.  17.  Water  manometer  tracings  of  the  intrapulmonic  pressure  in  the  turtle. 
Animals  decerebrated  and  completely  curariied.  Records  from  left  lung,  iso- 
lated, except  for  pulmonary  blood  vessels  and  nerves.  Left  bronchus  ligated; 
cannula  in  tip  of  lung.  Preparations  showing  no  spontaneous  meduUa-lung 
rhythm.  Signal,  stimulation  of  central  end  of  sciatic  nerve  with  tetanicing 
current.    Showing  refles  development  of  lung  rhythm  and  lung  tetanus. 
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S,  Lung  reflexes  from  the  viaeerid  aentory  nerva:  a.  The  aiimenbtrji 
tract.  Reflex  lung  contractioDB  may  be  obtained  from  practicsUy  evet; 
part  of  the  alimentary  canal,  the  most  powerful  being  the  lung  contrae- 
tione  following  stimulation  of  the  lower  end  of  the  gut  (cloaca,  rectum, 
laige  intestine) .  Mechanical  distention  with  balloon,  rubbing,  pressure, 
cutting  or  crushing  this  end  of  the  alimentary  canal  causes  coatnetifma 
in  the  lung.  (fig.  18,  B,  C,  Da,  Dd;  Gg-  19,  a,  c).  In  fact,  one  may 
induce  incomplete  tetanus  of  the  lungs  by  strong  stimulation  of  the 
lower  end  of  the  gut. 

Mechanical  or  electrical  stimulation  of  the  small  intestines  abo 
induces  lung  contractions  (fig.  19,  b,  d).  Similar  lung  reflexes  are 
induced  by  stimulation  of  the  central  end  of  the  gastric  va^^  brandies 
(fig.  13,  C),  and  by  direct  stimulation  of  the  esophagus.  But  the 
contractions  of  the  empty  stomach,  even  when  most  vigorous,  do  not 
influence  the  lui^  motor  mechanism. 

Inhibition  of  the  lung  tonus  and  contractions  were  not  seen  as  a 
result  of  artificial  stimulation  of  the  gut.  But  it  seems  clear  that  the 
afferent  nerves  of  the  alimentary  canal,  especially  the  oral  and  anal 
ends,  make  motor  connections  with  the  lung  medullary  centers. 

b.  The  genilo-urinary  tract.  Powerful  lung  contractions  are  induced 
by  mechanical  distention,  pinching,  crushing,  tearing  or  electrical 
stimulation  of  the  urinary  bladder  (fig.  IS,  A;  fig.  19,  c,  b).  Electrical 
or  mechanical  stimulation  of  the  ureters,  penis,  prepuce  and  testas 
also  produces  motor  reflexes  into  the  lungs  (flg.  18,  Dc;  flg.  IS,  /,  j). 
As  in  the  case  of  the  alimentary  tract,  no  reflex  inhibitions  into  the 
lung  were  secured  from  the  genito-urinary  tract.  In  several  female 
specimens  the  ovaries  and  the  oviducts  were  stimulatod,  without  any 
reflex  influence  on  the  lungs.  Stimulation  of  the  kidneys  also  yielded 
nothing  definite  in  the  way  of  lung  reflexes.  The  most  powerful  and 
consistent  lung  reflexes  in  this  group  are  those  elicited  from  the  urinal^' 
bladder. 

c.  The  viiceral  B^mpatkdie  nerves.  Outside  the  alimentary ,-the  genito- 
urinary and  the  respiratory  tracts  no  systematic  or  loi^-continued  work 
was  made  on  possible  lung  reflexes  from  the  viscera,  except  for  tlie 
stimulation  of  the  central  ends  of  the  main  visceral  sympathetic  nerves 
and  connections.  We  may  note,  however,  that  the  stimulation  of  the 
central  end  of  the  cardiac  vagi  branches  has  no  effects  on  the  lung. 
Reflex  lung  contractions  were,  on  the  other  hand,  obtained  from  the 
g&ll  bladder,  liver  (fig.  19,  g),  and  from  the  spleen. 
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The  stimulation  (electrical)  of  the  central  end  of  the  visceral  sympa- 
thetic nerves  was  made  in  a  great  many  preparations,  some  in  good, 
some  in  poor  reflex  conditions.  The  results  are  positive,  that  is,  the 
stimulation  of  the  visceral  sympathetic  nerves  gives  reflex  lung  contrac- 
tions (fig,  20),  The  reflex  lung  contractions  are  particularly  powerful 
from  nerves  S,  S  and  4  (fig-  2),  these  probably  i-epresenting  the  group 
of  splanchnic  sympathetic  nerves  of  the  higher  animab. 

Reflex  inhibitions  of  lung  tonus  and  of  lung  contractions  were  never 
seen  as  results  of  stimulation  of  the  central  end  of  the  visceral  sympa- 
thetica. 


Fig.  20.  Water  manometer  trDcinge  of  the  mtrapulmonic  praesurc  in  the  turtle, 
showing  reflex  lung  contractions  on  stimulation  of  the  central  end  of  various 
sympathetic  nerves.  Animals  decerebrated  and  completely  curarised.  Record 
from  isolated  left  lung;  cannula  in  left  bronchus.  Preparations  showing  no  spoti- 
taneous  lung  rhythm.  A:  stimulation  with  tetanising  current;  a,  nerve  2  (see 
fig.  2);  6,  nerve  3;  c,  nerves  2  and  3;  d,  nerve  4;  e,  nerve  5;/,  nerve  &;g,  nerve  7. 
B:  a,  stimulation  with  tetuiiiing  current  of  nerves  2  and  3,  showing  reflex  initia- 
tion of  a  temporary  lung  rhythm. 

Results  at  times  positive  at  times  negative  were  obtained  from  the 
central  end  of  the  cervical  sympathetic  (fig.  2).  In  some  preparations 
the  stimulation  of  this  nerve  induced  what  appeared  to  be  a  reflex 
lung  contraction,  in  other  preparations,  in  equally  good  reflex  condition, 
the  stimulation  had  no  effect  on  the  lui^.  It  appears,  therefore,  that 
i^erent  components  in  the  cervical  sympathetic  nerve  trunk  are  few 
in  number  and  variable  in  their  central  action,  at  least  as  regards  their 
influence  on  the  medullary  centers  controlling  lung  tonus  and  lung 
contractions. 

As  the  preparations  are  deteriorating  the  lung  reflexes  evoked  from 
the  visceral  sympathetic  nerves  usually  fail  sooner  than  those  called 
forth  by  stimulation  of  the  spinal  sensory  or  the  afferent  nerves  of  the 
respiratory  tract  itself.     The  cloaca,  rectum  and  urinary  bladder  are 
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ao  exception  to  this  rule,  the  lung  reflexee  evoked  from  these  organa 
usually  persisting  to  the  end  of  all  reSex  response  of  the  animal. 

4-  The  infiuence  of  visceral  sensory  nerves  on  the  respiratory  center. 
We  have  shown  that,  excepting  the  inferior  laryngeal  (inhibition),  the 
cvdiac  vagi  (no  action),  the  cervical  sympathetic  (inconstant),  and 
strong  stimulation  of  the  pulmonary  afterents  (inhibition),  sensory 
stimulation,  spinal  and  visceral,  Induces  refiex  lung  contractions. 
Since  lung  contraction  is  a  normal  adjunct  to  the  external  respiratory 
act  it  is  pertinent  to  ask  whether  these  lung  reSexee  are  not  secondary  to 
the  initiation  or  acceleration  of  dischai^es  from  the  respiratory  center. 
What  effects  have  these  sensory  stimuli  on  the  rate  and  intensity  of  the 
external  respiratory  movements?  The  turtle  appears  to  be  no  exception 
to  the  rule  that  stimulation  of  spinal  sensory  nerves  accelerates  or 
initiates  external  respiration.  As  regards  the  spinal  sensory  nerves, 
therefore,  we  have  a  complete  parallel  between  effects  on  external 
respiration  and  on  lui^  contractions.    Both  are  positive. 

In  regard  to  the  visceral  sensory  stimulation  the  results  are  not  so 
clear.  In  the  first  place  much  of  our  reflex  work  was  done  on  completely 
curarized  animals,  preventii^  parallel  observation  on  the  external 
respiration.  Wf  can  state,  liowever,  that  bo  far  as  our  observations 
go,  stimulation  of  the  abdominal  sympathetic  nerves  induces  reflex 
contraction  of  the  respiratory  muscles  as  an  invariable  result.  But 
discrepancies  appear  when  we  come  to  the  stimulation  of  some  of  the 
visceral  oi^ans,  especially  the  cloaca,  rectum  and  urinary  bladder. 
As  already  pointed  out  the  mechanical  or  electrical  stimulation  of  these 
organs  causes  reflex  liu^  contractions  and  never  any  inhibition,  at 
least  in  curarized  preparations.  But  the  same  type  of  stimulation  of 
these  organs  in  non-curarized  preparations  may  cause  pure  inhibition 
of  the  external  respiration,  as  witness  the  tracing  reproduced  in  figure 
21.  We  are  deaUng  here  with  two  possibilities,  viz.,  a,  stimulation  of 
some  of  the  visceral  sensory  nerves  incfuces  opposite  effects  on  the  two 
medullary  centers  depressing  the  respiratory  center  and  stimulating 
the  lung  motor  center;  or  h,  the  visceral  afferents  may  have  both  effects 
<m  (he  two  centers,  the  end  result  (depression  or  stimulation)  depending 
on  the  intensity  and  rate  of  the  artificial  stimulation,  the  central  action 
of  curare  tending  to  reveal  only  the  stimulation  action  on  the  lung  motor 
mechanism.  Further  work  is  required  to  establish  either  or  both  of 
these  posaibihties. 
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RESULTS  ON    THE  SNAKE 

/.  Spontaneous  lung  contractions.  If  the  external  respiratory  acts 
are  not  too  close  together,  each  act  of  external  respiration  is  followed 
by  a  contraction  of  the  lung.  These  lung  contractions  are  feeble  and 
of  very  short  duration  (fig.  22,  A).  If  the  attempts  at  external  rexpi- 
ration  come  close  together  lung  contractions  appear  only  occasionally 
or  rather  during  the  respiratory  pauses  (fig.  27,  (^a). 


Fig.  22.  TruingB  (delicate  air  tambour)  of  the  intrapubaonic  pressure  in  tbe 
snake.  Spinal  cord  cut  and  pithed  below  the  medulla.  Lung  isolated;  caonula 
in  tip,  trachea  ligated.  A:  aignal,  spontaneous  respiratory  movements,  showing 
lung  contractions  following  each  attempt  at  respiration;  a,  artificial  respiration 
through  cannula  in  tip  of  lung;  b,  pithing  of  brain  followed  by  cessation  of  lung 
contractions.  B:  a,  mechanical  stimulation  of  skin  of  the  head;  b,  mechanical 
stimulation  of  the  cornea;  c,  mechanical  stimulation  of  nares;  d,  electrical  stimy- 
lation  of  central  end  of  left  vagus—showing  reflex  lung  contractions.  C:  a,  long 
contractions  following  spontaneous  respiratory  efforts;  b,  tetaniiing  of  both 
peripheral  vagi;  e,  stimulation  of  the  peripheral  vagi  with  increasing  number  of 
electrical  shocks— showing  that  motor  discharge  to  lungs  following  reqiiratory 
movements  is  nearly  maximal,  as  brief  tetanising  of  vagi  produees  only  sligjitly 
greater  lung  contractions  and  that  the  vagi-lung  muscle  reacts  to  electrical  stima* 
lation  like  an  ordinary  nerve-muscle  preparation.    Time,  5  seconds. 


These  lui^  contractions  in  the  snake  appear  to  us  too  feeble  to  be 
of  any  value  in  the  respiratory  exchange  of  the  lung. 

$.  Lung  rejUxea.  .  Reflex  lung  contractions  can  be  induced  by  the 
stimulation  of  the  central  end  of  one  vagus,  the  other  vagus  being  intact, 
and  by  stimulation  of  the  nares,  the  cornea  and  the  skin  of  the  head 
region  (fig.  22,  B).  The  lung  contraction  following  stimulation  of  the 
central  end  of  one  vagus  is  invariably  preceded  by  an  act  of  respiration, 
that  is,  a  discharge  from  the  respiratory  center.  The  other  reflex  lung 
contractions  may  appear  without  being  preceded  by  attempts  at  ex- 
ternal respiration. 
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3.  R6ie  of  the  pulmonary  vagi.  Section  of  both  vagi  abolishes  the 
lung  contractions  associated  with  the  acts  of  external  respiration. 
Stimulation  of  the  peripheral  end  of  either  vagus  causes  coDtractions  of 
the  lung.  These  lung  contractions  appear  to  be  confined  to  the  upper 
third  of  the  lung,  that  is,  to  the  alveolated  part  or  lung  proper.  It 
is  a  singular  fact  that,  with  one  exception,  all  the  paired  lung  reptilia 
thus  far  investigated,  the  lung  motor  action  of  the  vagi  is  strictly 
unilateral,  while  in  this  species  of  snake  both  vagi  act  on  the  one  lung. 
And  it  appears  that  the  one-lunged  condition  of  most  snakes  is  due  not 
to  fusion  of  the  origin^  pair  but  to  atrophy  of  one  of  the  pair. 

The  lung  motor  fibers  in  the  vagi  of  this  snake  can  be  stimulated  with 
single  induction  shocks  more  readily  than  in  the  turtle.  There  is  also 
less  evidence  of  a  tendency  to  an  all-or-none  motor  response  in  the 
snake  limg.  In  fact  so  far  as  our  experiments  go  the  vagus  lung  mus- 
culature behaves  much  like  an  ordinary  nerve  preparation. 

Lung  inhibitions  from  stimulation  of  the  peripheral  vagi  were  never 
observed.  Destruction  of  the  brain  or  section  of  both  vagi  neither 
decreased  or  increased  the  peripheral  limg  tonus.  The  lung  v^i  motor 
mechanism  is  either  not  in  tonic  activity  or  our  method  of  preparing 
the  animal  abolishes  this  tonic  activity  through  central  "shock." 

While  our  work  on  the  snake  was  limited  to  eleven  rather  small 
specimens,  the  results  indicate  the  essential  parallel  of  the  lung  motor 
physiology  in  the  snake  and  the  turtle,  namely,  the  vagi  motor  control 
and  lung  reflexes  from  the  head  origin  of  the  animals.  We  have  never 
observed  a  peripheral  lung  motor  mechanism  in  the  snake  after  section 
of  the  vagi. 

THE    niRECT   mFLUENCE    OF    THE    SYMPATHETICS    ON    THE    LUNG    MOTOR 

TISSUES 

Jackson  and  Pelz  (7)  have  published  tracings  apparently  showii^ 
strong  inhibition  of  the  lung  tonus  on  stimulation  of  the  central  end 
of  the  cervical  sympathetic  nerve.  These  investigators  also  state  that 
strong  stimulation  of  this  nerve  may  induce  lung  contractions  of  greater 
amplitude  than  that  caused  by  stimulation  of  the  peripheral  end  of 
the  vagus.  We  have  made  great  efforts  to  verify  the  results  of  Jackson 
and  Pelz,  particularly  in  view  of  the  r61e  which  such  inhibitory  efferents 
may  play  in  the  limg  reflexes. 

We  have  been  unable  to  follow  nerve  branches  from  the  cervical 
sympathetic  into  the  lung  as  figured  by  Jackson  and  Pelz.     The  sym- 
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pathetic  pulmonary  branches  described  by  them  appear  identical  with 
the  motor  fibers  from  the  brachial  plexus  to  the  striated  muscle 
attached  to  the  anterior  and  dorsolateral  wall  of  the  lung. 

Stimulation  of  the  central  end  of  the  cut  cervical  sympathetic  may 
induce  respiratory  movements  followed  by  lung  contractions,  provided 
the  spina)  cord  and  the  vagi  are  intact.  Or  if  the  cervical  sympathetic 
trunk  is  stimulated  near  its  course  pa^  the  brachial  plexus,  contractions 
of  the  striated  lui^  muscle,  previously  referred  to,  may  be  |m>duced 
by  an  escape  of  current  to  its  motor  fibers.  These  are  the  only  motor 
effects  on  the  lung  that  we  have  seen  following  the  stimulation  of  the 
central  end  of  the  cervical  sympathetic  nerve,  and  neither  are  due  to 
stimulation  of  sympathetic  efferents. 


Pig.  23.  Tunbour  tracings  of  the  intrapulmonic  preMure  in  the  turtle.  Ant- 
mftle  decerebrat«d,  6xecl  dorsal  Hide  down,  plastron  removed;  stomach,  liver  and 
heart  excised;  vagi  sectioned.  Cannula  in  bronchus.  A:  TraeinK  showinc  a 
tonus  rhythm  in  the  lung  independent  of  the  vagi-medulla  motor  mecfaanisn. 
B:  Signal  indicates  stimulation  of  the  central  end  of  the  oervieal  sympathetic 
nerve,  showing  slight  inhibition  (possibly  reflex)  of  the  peripheral  lung  toDus 
rhythm,  developed  after  vagus  section.    Time,  5  second  interval. 


If  the  course  of  the  sympathetic  fibers  to  the  lui^  in  the  reptilia 
is  the  same  as  in  the  amphibia  and  the  mammals,  these  fibers  ^ould 
join  the  vagi  in  the  neck  or  thorax  and  reach  the  lung  via  the  pulmonary 
fibers  of  the  vagi.  We  have  stimulated  the  peripheral  end  of  the  cervical 
sympathetic  nerve  before  its  union  with  the  vagus  in  very  many  prepa- 
rations without  any  effect  on  the  tui^  motor  mechanism. 

In  one  preparation  only  did  we  note  any  inhibitory  effect  on  the  lung 
from  stimulation  of  the  central  end  of  the  cervical  sympathetic  nerve. 
This  preparation  was  decerebrated,  fixed  on  the  dorsal  side,  plastrtm 
removed,  and  eviscerated  according  to  the  method  of  Jackson  and 
Pels.  A  peripheral  tonus  rhythm  appeared  in  the  lung  after  section 
of  the  vagi.  Tetanisation  (weak  and  strong)  of  the  central  end  of  the 
cervical  ^mpathetic  nerve  induced  some   inhibition  of  this  tonns 
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rhythm   (fig.  23,   B).    Reflexes  through   the   Bpinal    cord   were   not 
excluded  in  this  experiment. 

The  actual  presence  of  sympathetic  efferents  to  the  reptilian  lung  is, 
therefore,  an  open  question. 

SUMMABY 

1.  Under  normal  conditions  the  external  respiratory  act  inhibits  the 
lung  tonus  by  central  action,  and  is  followed  by  a  contraction  of  the 
lung  during  the  respiratory  pause.  These  lung  contractions  are  of 
central  origin,  the  peripheral  motor  path  being  the  vagi  nerves  (con- 
firming Kahn  and  Frangois-Franck). 

2.  The  medullary  center  controUing  the  lung  tonus  and  the  lung 
contractions  is  not  identical  with  the  respiratory  center,  although 
normally  associated  with  it  in  function  in  such  a  way  that  discharge 
from  the  respiratory  center  first  depresses  and  then  stimulates  the  lung 
mot;or  center.  The  two  centers  are  influenced  in  the  same  directioo 
by  asphyxial  states,  the  lungs  being  put  in  a  condition  of  incomplete 
tetanus  by  asphyxia,  but  one  center  may  act,  automatically  or  reflexly, 
without  the  other;  and  the  lung  motor  centers  are  more  profoundly 
influenced  by  afferent  depressor  nervous  impulses  (traumatic  "shock"). 

3.  The  lung  contraction  developed  during  the  respiratory  pause  is 
not  a  reflex  depending  on  th^  muscular  and  other  movements  in  the 
external  respiratory  act,  as  they  persist  after  complete  curarltation, 
transection  of  the  spinal  cord  in  the  neck,  pithing  the  cord,  or  complete 
isolation  of  the  lungs,  save  for  the  puhnonary  vagi  and  blood  vessels. 

4.  After  section  of  the  vagi  a  feeble  tonus  rhythm  may  appear  in 
the  lungs,  but  the  strong  contractions  associated  with  external  respi- 
ration  are  permanently  abolished.  Stimulation  of  the  peripheral  end 
of  the  vagi  causes  contractions  and  tetanus  of  the  lungs,  confirming 
the  original  observation  of  Bert.  This  vagus-lui^  action  is  unilateral. 
Stimulation  of  the  peripheral  vagus  reveals  no  inhibitory  action  on  the 
lung  motor  mechanism.  Stimulation  of  the  optic  lol>c3  or  the  medulla, 
the  vagi  being  intact,  causes  lung  contractions  or  incomplete  lung 
tetanus  (confirming  Coombs).  The  lung  tetanus  is  less  complete  than 
on  direct  stimulation  of  the  peripheral  end  of  the  vagi,  thus  showing 
a  central  refractory  state. 

5.  The  physiological  relation  of  the  respiratory  and  the  lung  motor 
centtrrs  have  a  complete  parallel  in  the  relations  of  the  activity  of  the 
swallowing  center  to  the  medullary  mechanism  controlling  esophageal 
Iteristalsis.     Tlie  action  of  the  motor  fibers  of  the  vagi  on  the  lung  motor 
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tissues  appears  to  be  more  direct  and  less  complicated  than  the  motor 
action  of  the  vagi  on  the  stomach,  although  there  is  some  evidence  of 
a  tendency  to  an  all-or'^ioQe  response  and  rhythm  in  case  of  weak 
tetanizatioo  of  the  peripheral  ends  of  the  vagi  even  in  the  case  of  the 
lungs. 

6.  Inhibition  as  a  primary  act  on  the  lung  motor  center  in  the  medulla 
is  produced  by  trauma  to  the  vagi,  stimulation  of  the  central  end  of 
the  inferior  laryngeal  nerve,  and  by  strong  stimulation  of  the  central 
end  of  the  pulmonary  vagus.  Trauma  to  the  body  causes  a  profound 
depression  ("shock")  of  the  lung  motor  center  following  an  initial 
stimulation. 

7.  Reflex  lung  contractions  or  incomplete  lung  tetanus  can  be  in- 
duced from  stimulation  of  the  sensory  nerves  of  the  respiratory  tract 
(excepting  the  inferior  laryngeal),  that  is  by  inflation,  by  deflation,  or 
mechanical  pressure  on  the  lung  of  the  opposite  side,  by  weak  tetani- 
zation  of  the  pulmonary  afferents,  mechanical  stimulation  of  the  larynx 
and  the  nares.  It  is  thus  clear  that  the  normal  respiratory  act  by  lung 
inflation  and  deflation  will  by  itself  induce  a  lung  contraction  reflexly. 
This  afferent  component  from  the  lung  is  not  necessary  for  the  dis- 
charge of  the  lung  motor  center  associated  with  the  respiratory  rhythm, 
but  may  act  as  a  cumulative  factor.  The  lung  contractions  and  lung 
tetanus  induced  reflexly  from  mechanical  stimulation  of  the  posterior 
nares  are  particularly  striking. 

S.  Mechanical  and  electrical  stimulation  of  the  alimentary  tract 
(esophagus,  gastric  vagi,  large  and  small  intestine,  rectum,  cloaca) 
and  the  genito-urinary  tract  (urinary  bladder,  ureters,  penis,  prepuce, 
testes)  induces  reflex  lung  contractions  or  limg  tetanus,  the  lung  tetanus 
caused  by  stimulation  of  the  cloaca,  rectum  and  urinary  bladder  being 
particularly  marked.  Reflex  lung  contraction  can  also  be  evoked  from 
stimulation  of  the  gall  bladder  and  the  spleen. 

9.  Stimulation  of  the  central  ends  of  the  visceral  sympathetic  nerves 
causes  reflex  lung  contractions. 

10.  Stimulation  (mechanical  or  electrical)  of  the  cutaneous  nerves, 
the  cornea  and  the  central  end  of  the  sciatic  or  brachial  nerves  induces 
reflex  lung  contractions  or  lung  tetanus,  depending  on  the  strength  of 
thcs'.imulation. 

11.  The  conclusions  in  regard  to  lung  motor  rhythm,  its  central 
and  peripheral  control,  and  the  lung  motor  reflexes  evoked  from  the 
head  and  neck  region  of  the  animal,  apply  both  to  the  turtle  and  the 
snake.  The  lung  reflexes  from  the  viscera  below  the  neck  were  not 
studied  in  the  snake. 
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12.  It  would  thus  appear  that  the  predominant  reflrac  control  of  tlie 
lun^  in  these  animals,  at  least  under  our  experimeDtal  condition,  is 
motor,  thus  differing  entirely  from  the  amfdiibia,  where  the  predominat- 
ing control  (automatic  and  reflex)  of  the  lung  motor  mecbaoian  is 
inhibitory. 
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It  has  been  shown  by  many  observere,  working  with  various  methods, 
Beddard  and  Pembrey  (1),  Forges,  Leimdoerfer  and  Markovici  (2), 
Peabody  (3),  Pearee  (4) — that  the  alveolar  carbon  dioxide  tension  is 
usually  fouiid  to  be  low  in  cardiac  dyspnea.  The  causes  and  meaning 
of  this  phenomenon  have  never  been  clear.  In  cardiac  dyspnea,  in 
contradistinction  to  most  conditions  that  are  associated  with  a  low 
alveolar  COi,  no  proportionate  reduction  of  the  fdkaline  reserve  of  the 
blood  has  been  found. 

In  1917  one  of  us  (5)  studied  the  relation  of  the  carbon  dioxide  tension 
of  alveolar  air  to  the  bicarbonate  concentration  of  venous  plasma.  A 
low  alveolar  COt-tension  did  not  prove  to  be  a  constant  characteristic 
of  cardiac  dyspnea.  The  alveolar  CO*  was  sometimes  normal.  But 
it  was  always  lower  than  normal  in  relation  to  the  atkdine  reserve  of 
the  blood  as  determined  by  the  Van  Slyke  method.  Van  Slyke  (6) 
found  that  in  normal  subjects  the  alveolar  COr-tension  maintained  a 
fairly  constant  relation  to  the  plasma  bicarbonate.  If  the  milligrams  of 
COi  chemically  bound  in  1  ,cc.  of  plasma  is  muHipUed  by  the  constant 
35,  the  result  will  be  found  to  agree  with  the  alveolar  COr-tension 
(Haldane)  expressed  in  mm.  Hg.  with  about  a  10  per  cent  variation. 
That  is: 

(Alveolar  Cd  in  mm.  Hg.)  -f-  (mgm.  CO*  chemically  bound  by  1  cc. 
of  plasma  X  35)  =-  100  ±  10. 

This  observation  we  corroborated.    That  such  a  ratio  should  obtain 
in  normal  resting  subjects  seems  reasonable.    To  a  certfun  extent  it 
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must  represent  the  HjCOa/NaHCOj  ratio,  if  the  alveolar  COj  can  be 
assumed  to  be  a  measure  of  the  arterial  COi-tension  and  the  bicarboo- 
ates  of  venous  plasma  an  indication  of  the  bicarbonatce  of  whole  blood. 

In  most  normal  resting  subjects  such  assumptions  will  pve  rise  to 
no  serious  errors.  The  difference  between  the  carbon  dioxide  content 
of  the  arterial  and  the  venous  blood  is  not  large  and  is  comparatively 
constant.  In  patholt^cal  conditions  which  interfere  with  the  general 
circulation  or  the  ventilation  of  the  blood  in  the  lungs,  a  disturbance 
of  these  factors  and  consequently  of  the  ratio  may  be  expected. 

In  normal  resting  subjects  the  alveolar  COi  plasma  bicarbonate  ratio 
varied  between  0.90  and  1.10.  In  cardiac  decompensation  with  dyspnea 
and  in  some  very  advanced  pulmonary  conditions  we  obtained  ratios 
consistently  below  0.85.  To  draw  any  definite  conclusions  as  to  the 
cauiM'  of  the  phenomenon  was  impossible. '  We  suggested  that  it  might 
be  an  expression  of  some  defect  of  the  normal  mechanism  for  the  elimi- 
nation of  carbon  dioxide  and  pointed  out  the  possibility  of  connecting 
this  with  the  pulmonary  changes  which  had  been  demonstrated  by 
Siebeck  (7),  Pesbody  (8)  and  others.  * 

Before  any  interpretation  of  the  low  alveolar  COt'  of  cardiac  de- 
compensation is  attempted  it  is  obviously  necessary  to  ascertain  whether 
the  method  employed  is  applicable  and  whether  the  resuHs  obtained 
can  be  said  to  represent  the  true  alveolar  tension.  The  prel  minar>' 
work  was  done  with  the  Fridericia  pipette  (9).  This  has  given  hae 
to  some  criticism.  Repetition  with  a  more  orthodox  Haldane  method 
has  given  substantially  the  same  results.  Although  Pearce  (4)  has 
criticised  the  use  of  the  Haldane  method,  observations  by  his  own 
method  are  substantially  in  agreement  with  ours. 

Siebeck  (7),  after  a  careful  study  of  the  respiratory  mechanism  in 
cardiac  insufiSdency,  came  to  the  conclusion  that  all  determinations 
of  the  alveolar  COi  were  useless  in  this  condition.  According  to  Sie- 
beck (7)  the  alveolar  aeration  in  cardiac  dyspnea  is  very  imperfect, 
in  consequence  of  which  the  expiratory  mr  contains  an  excess  of  un- 
changed inspiratory  air.  Apparently  he  means  that  attempts  to  deduce 
the  arterial  CCVtension  from  the  values  obtained  by  the  Haldane 
alveolar  method  are  unwarranted.     But  it  is  perfectly  possible   to 

■  AlthouBh  the  reduction  of  the  alveolar  COi-teoaion  is  not  absolutely  con- 
stant, few  patients  fail  to  show  it.  In  these  few  the  carbon  dioxide  capacity  of 
the  plasma  is  distinctly  high,  while  in  most  instances  it  is  at  or  slightly  below  the 
normal  level.  It  seems  proper  and  simpler,  for  this  reason,  to  upeak  of  the  low 
alveolar  COi  of  cardiac  dyspnea. 
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consider  the  alveoltir  COi  on  ita  own  merits  as  a  functional  entity 
without  any  deductions  about  arterial  COr-tension.  However  well 
grounded  the  anatomical  conceptions  of.  Haldane  with  regard  to  the 
origin  of  the  alveolar  air  in  the  normal  lung  may  be,  it  is  quite  con- 
ceivable that  in  pathological  or  physiological  disturbances,  conditions 
may  be  bo  altered  that  any  anatomical  term  loses  its  original  significance. 
Here  a  functional  conception  proves  of  greater  value. 

A  normal  expiration  may  be  divided  into  two  parts.  The  first  port 
is  practically  useless  from  the  standpoint  of  respiration;  it  merely 
serves  to  empty  the  dead  space  (the  nose,  mouth,  pharynx,  larynx, 
trachea  and  bronchi)  of  the  room  air  with  which  it  was  filled  by  the 
last  inspiration,  fn  normal  resting  subjects  the  volume  of  this  dead 
apace  is  furly  constant,  varying  about  an  average  of  130  cc.  Behind 
this  lies  a  mass  of  air  of  nearly  constant  gaseous  composition  through- 
out its  whole  extent  and  in  close  contact  with  the  blood  in  the  pul- 
monary circulation.  This  is  the  air  which  serves  for  the  effective 
exchange  of  gaaes  between  the  blood  and  the  outside  air,  and  it  is  a 
sample  of  this  air  that  the  Haldane  method  attempts  to  obtain. 

The  first  object  of  these  studies  was  to  find  out  whether  samples 
obtained  by  the  Haldane  method  represented  the  effective  respiratory 
^r.  We  have  employed  other  methods  in  order  to  determine  whether 
they  give  results  in  agreement  with  the  Haldane  values. 

Our  studies  have  been  confined  to  three  methods:  the  Haldane  (10), 
the  Plesch  (11)  and  the  Henderson  (12)  venous  COt.  Pearce's  (13) 
method  has  been  omitted  because  its  use  in  severe  dyspnea  presents 
considerable  difficulties  and  also  because  it  demands  an  amount  of 
apparatus  that  renders  it  less  adaptable  as  an  ordiuu?  clinical  procedure. 

THE   HALDANE   METHOD 

The  Haldane  technique  for  obtaining  alveolar  specimens,  although 
criticised  for  various  reasons,  is  still  considered  the  standard  technique 
for  the  determination  of  the  arterial  COj-tension  in  normal  subjects. 
It  has  not  been  generally  adopted  for  clinical  studies  because  of  a  popu- 
lar opinion  that  it  is  difficult  or  impossible  to  obtain  good  samples  in 
any  but  highly  trained  subjects.  This  we  have  not  found  to  be  the 
case.  We  are  inchned  to  believe  the  observer  needs  more  training  than 
the  subject. 

In  these  studies  we  have  adhered  in  all  essential  respects  to  the 
orthodox  Haldane  technique,  introducing  only  sUght  modifications 
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which  tend  to  dimimeh  subjective  errors.  One  of  these  is  by  no  meanB 
original  and  consiats  of  the  introduction  of  a  three-way  bran  stop^eock 
designed  by  Mr.  G.  F.  Soderstrcnn  and  shown  in  figure  1.  This  makes 
it  unnecessary  for  the  patient  to  close  the  tube  with  his  tongue.  Fur- 
thermore, Qo  attempt  has  been  made  to  collect  inspiratory  and  «q>i- 
ratory  specimens,  as  Hatdane  advises.  Instead,  samples  have  been 
obtained  from  the  end  of  a  forced  expiration  begun  as  soon  as  ppaaible 
after  the  completion  of  a  normal  inspiration.    When  the  respiratioiu 


N 
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Fig.  1.  Three-way  stop-cock.  I,  tube  for  ftttacfament  of  moutli-pieee;  *,  tofae 
leading  to  spirometer  or  left  open  to  outside  air;  9,  tube  for  attachment  of  Haldaae 
tube,  with  side-ann  C,  to  connect  with  gas  sampling  tube. 

are  rapid,  as  they  are  in  cardiac  dyspnea,  it  is  almost  impossible  to 
turn  the  valve  at  the  proper  moment  to  differentiate  inspiratory-  and 
expiratory  alveolar  air  with  any  degree  of  certainty.  The  propriety 
of  using  an  expiratory  specimen  also  seems  questionable.  The  pro- 
longation of  expiration  during  dyspnea  may  be  equivalent  to  holding 
the  breath  for  the  duration  of  an  extra  reapiration.  We  have  tried  to 
make  the  subjects  force  the  air  out  rapidly  enough  bo  that  the  expiraticH) 
is  not  considerably  longer  than  a  normal  one.  The  specimens  as  ob- 
tained by  this  method  are  not  all  from  expirations  initiated  at  the  same 
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point  in  the  respiratory  cycle,  but  at  various  points  in  the  expiratory 
phase  between  full  inflation  and  deflation  of  the  lungs. 

In  detail  the  procedure  is  as  follows:  The  rubber  mouth-piece  with 
the  atop-cock  and  tube  in  place  is  first  put  in  the  patient's  mouth  with 
the  stop-cock  open  to  the  air.  He  is  encouraged  to  breathe  through  it 
to  convince  him  that  it  will  not  "diut  off  his  breath."  After  he  has 
guned  sufficient  confidence  the  tube  is  removed  from  his  mouth  and 
a  simple  spring  nose-clip  applied  to  his  nose.  When  he  is  sure  he  can 
breathe  through  his  mouth  alone  without  difficulty  the  mouth-piece 
is  replaced  in  his  mouth.  He  is  then  instructed  how  to  deliver  a  sample 
on  conmiand  and  without  altering  his  normal  respirations.  The 
sampling  tube  is  then  attached  to  the  side-ann  of  the  stop-cock.  The 
operator  stands  at  the  right  of  the  bed  supporting  the  tube  with  his 
left  hand,  with  his  right  on  the  handle  of  the  stop-cock.  When  he 
feels  that  the  breathing  is  normal  and  regular  he  tries  to  accustom  him- 
self to  its  rhythm,  so  that  he  may  give  .the  signal  at  the  right  moment. 
The  signal  is  given  and  the  stop-cock  turned  at  the  same  moment.  At 
the  end  of  the  forced  expiration  the  cock  is  turned  to  the  outside  air 
again  before  the  subject  has  had  time  to  gasp  for  breath.  The  operator 
soon  leams  to  know  whether  there  has  been  a  subjective  error  in  the 
technique  on  his  own  part  or  that  of  the  patient. 

From  an  inexperienced  subject  we  are  accustomed  to  take  several 
specimens.  Although  some  of  the  first  will  occasionally  be  obviously 
too  low,  it  is  generally  possible  to  get  good  agreement  on  the  third  or 
fourth  attempt  in  even  the  most  obtuse  subject,  as  may  be  seen  io 
tables  1  and  2.  In  a  total  of  48  observations  on  25  patients,  involving 
the  collection  and  analysis  of  127  samples,  all  but  four  patients  gave 
duplicate  samples  that  varied  by  0.4  per  cent  or  less,  an  accuracy  that 
compares  favorably  with  that  foimd  in  trained  subjects.  Patients  with 
cardiac  dyspnea  proved  no  exception  to  this  rule.  Three  of  the  four 
patients  (A.  R.,  J.  J.  F.  and  D.  W.)  who  gave  unsatisfactory  results 
on  the  basis  of  this  criterion,  exhibited  Cheyne-Stokes  breathing.  The 
fourth  (P.  O.  S.)  was  very  ill,  somewhat  irrational  and  showed  a  slight 
respiratory  irregularity. 

The  results  obtained  by  the  Haldane  inethod  are  in  accordance  with 
those  previously  obtained  with  the  Fridericia  tube.  The  values  are 
comparatively  low  and  much  lower  thiui  should  be  expected  from  the 
level  of  plasma  bicarbonates.  Two  obvious  criticisms  of  the  method 
might  be  made : 

1.  That  the  volume  of  the  expiration  is  too  small  to  clear  the  patient's 
dead  space. 
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VarialioTui  in  duplicate  Haidane  tpeciment  in  tvhjecU  irilAotd  retptralory  oi 
ditordert 


■™— «-™ 

"cS,"" 

TIOK 

"""ol-"^' 

•  LVMt.. 

p^t..U 

— . 

6.16 
5.94 

0.22 

0.22 

43.1 

5.25 
5.31 

0.06 

0.06 

37.4 

5.72 
5.74 

0.02 

0.02 

40.6 

5,39 
5.26 

0.13 

0.13 

37.0 

5.16 
5.40 

0.24 

0.24 

37.6 

D.  p.  B.,  nonnat 

5.39 
5.57 

5.60 
5.60 

0.18 
0.00 

0.18 
0.00 

30.0 

38.7 

5.39 
5.60 

0.21 

0.21 

39.2 

5.45 

5.60 

0.05 

0.05 

38.8 

5.62 
5.51 

0.11 

0.11 

39.1 

5.32 
5.24 
5.58 

0.34 

0.34 

3S.« 

J.P.,nonnal 

{5!  28) 
5.64 
5.74 
5:45. 

5.94 
6.85 

0.46 
0.09 

0.29 
0.09 

39.9 

41.6 
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table;  l-CondiJii 


•■—""•■■—"■ 

CO, 

BIBTIBVABIA- 
TIOM 

mUUDM  *c- 

CO, 

I«f  enrt 

««. 

5,88 
6.62 

5.35 
5.20 

0.26 
0.15 

0.26 
O.IS 

40.5 

37.5 

Capt.,nonnftI 

6.24 
6.31 

0.07 

0.07 

44.4 

W.  S.  M.,  normal | 

4.70 
4.82 

0.12 

0.12 

34.8 

P.  K.,  gastric  neuroBiB 

5.88 
5.61 
5.86 

0.25 

0.25 

41.2 

Jdo.  K.,  diabetcfl  meltitua.. 

4.24 
4.19 
4.36 

4.07 
4.06 
4.02 

0.16 
0.06 

o.ie 

0.05 

30.1 
28.4 

C.  P.,  pernicious  anemia. . . 

3.as 

3.91 
4.02 

0.11 

0.11 

28.2 

H.  R.,  polycythemia 

4.W 
5.11 
4.79 

0.32 

0.32 

34.7 

*  Values  in  parenthesis  in  this  and  the  following  table  have  been  discarded  for 
the  most  part  on  the  basis  of  internal  evidence,  only. 

2.  That  the  low  values  are  produced  by  subjective  errors;  preUminary 
forced  inspiratioDS  or  gasping  at  the  end  of  expiration. 

To  rule  these  out  we  attached  the  Haldane  tube  to  a  Tissot  spirom- 
eter which  was  equipped  with  a  calibrated  recording  device  which 
will  be  described  later.  By  this  means  we  were  enabled  to  obtiun  a 
graphic  record  of  the  respiration  during  the  entire  time  that  the  stop- 
cock was  turned,  and  could  at  the  same  time  measure  the  volume  of  the 
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Hypertension.    No  dyspnea,  hyperpnea 
Hypertension,  no  dyspnea,  cyanosis  nor 

Slight   dyspnea   and   eyanoeis.    Lungs 
show  riles  at  right  base 

Effort  syndrome.   Noorganlcoardiacnor 
probably  due  to  over-ventilatfon 

^ 
l(^'-' 

i>\\ 

5.1 
7.4 

11.5 
14.3 

38.7 
49.7 

41.5 
46.8 

'» 

34.6 
42.3 

30.0 
32.5 
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0.06 

if 
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J.  A.,  oardionephri- 
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A.  J.,  shell  shook 
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TABLE  3 

Relalion  of  aleeolar  COt  to  volume  of  expiriUUm 


3.  C,  chronic  cardiac  compensated... 


W  W.,  chronic  cardiac  decompensated.. 


R.  W.,  chronic  cardi&c  coropenMt«d . . 


J.  D.  B.,  chronic  cardiac  decompeneated. . 


A.  R.,  cardionephrttic.     Periodic  breathing.. 


D.  W.,*  csrdionephritic.    Periodic  breathing. . 


6.W 
6.33 
6.37 
6.3S 

4.08 
4.00 
3.97 


6.10 
6.22 
6.62 

4.51 
4.62 
4.M 
4.M 


3.06) 
4.07 
3.22) 


■Seefiguf«2. 

expiration.  Table  3  shows  the  values  obtained  from  six  experiments 
done  in  this  way.  From  the  first  five  experiments  it  is  evident  that  the 
e^iratory  volume  is  sufficient  to  clear  completely  any  but  an  enor- 
mously increased  dead  space.    If  the  dead  space  were  increased  to  this 
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d^ree,  however,  the  alveolar  COi-t«nsion  should  vary  with  the  expi- 
ratory volume.  This  relation  does  not  obtain.  In  only  one  instance, 
the  second  observation  on  R.  W.,  is  any  such  relation  even  suggested, 
and  in  this  case  the  total  variation  is  only  0.23  per  cent. 

In  none  of  these  cases  is  there  any  indication  in  the  graphic  records 
of  inspiratory  activity  during  the  time  that  the  stop-cock  was  open. 
That  the  method  is  capable  of  showing  such  subjective  errors  is  demon- 
strated in  the  record  of  D.  W.  (fig.  2).  This  patient  presented  symp- 
toms of  uremia  with  Cheyne-Stokes  respiration.  His  tracings  show 
that  the  low  values  obtained  from  the  first  and  third  samples  were  due 


D.WC 


"A  952c.c.      3.52% 


-y-752<:.c.    (3.08  r.) 

— \577e.e.     4.07;^ 
-^629  0.0.    (3.22/.) 

Fio;.  2 

to  inspirations  while  the  valve  was  open  and  before  the  samples  had 
been  withdrawn.  The  discrepancy  in  the  two  remaining  values  seems 
to  depend  on  the  fact  that  one  was  obtained  during  an  apneic,  the  other 
during  a  dyspneic  period. 

The  low  alveolar  COi  is  not  due  to  subjective  errors  on  the  part  of 
the  patient  nor  to  any  considerable  increase  in  the  volume  of  the  dead 
space. 

The  alveolar  COi  after  rebreatkitig.  One  of  the  most  striking  char- 
acteristics of  decompensated  cardiac  patients  is  the  intolerance  to  an 
increase  of  COi  in  the  inspired  air  (14). 
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It  haa  been  shown  by  Haldane  (15)  and  others  that  when  a  petsou 
rebreatbes  air  the  alveolar  COr-tension  and  the  ventilation  increase  as 
the  COi  in  the  inspired  air  rises.  When  the  alveolar  COt-t«i>Bon  has 
risen  to  a  certain  point  the  patient  becomes  extremely  dyspneic  and 
uncomfortable.  This  we  may  call  the  point  of  intolerance  to  COi. 
If  the  alveolar  C0|  be  low  in  cardiac  dyspnea  at  rest  it  seems  reasonable 
to  suppose  that  it  should  also  be  relatively  low  after  rebreathing  to  the 
point  of  intolerance. 

For  the  rebreathing  experiments  a  100-liter  Tissot  spirometer,  ac- 
curately balanced  and  calibrated  at  all  leveb,  was  employed.  To 
separate  the  inspired  from  the  expired  atr  a  two-way  T-valve  of  the 
Douglas  type  was  used.  Between  the  mouth  piece  and  this  T-valve 
was  interposed  the  three-way  brass  stop-cock  described  above.  The 
opening  with  the  side-ann  was,  as  usual,  fitted  to  a  long,  wide-bore  nib- 
l>er  tube  for  the  collection  of  alveolar  specimens.  The  other  arm  was 
connected  -with  the  T-valve.  (The  total  instrumental  dead  space  was 
about  50  cc.)  In  this  way  it  was  possible  to  collect  specimens  of  alveolar 
air  during  the  course  of  a  rebreathing  experiment  by  merely  turning 
the  stop-cock  during  expiration  and  directing  the  patient  to  breathe 
out  forcibly.  The  inspiratory  air  was  withdrawn  from  the  spirometer 
through  the  opening  in  the  top  usually  employed  for  the  insertion  of 
the  thermometer.  Samples  of  the  inspiratory  air  were  drawn  from 
this  tube  near  the  T-valve  through  a  small  rubber  side  arm.  Graphic 
records  of  the  respirations  were  obtained  by  means  of  a  pen  attached 
to  the  counter-weight  of  the  spirometer.  As  it  moved  in  a  vertical 
plane  only,  direct  calibration  was  possible.  Simultaneous  time  records 
were  obtained.  The  apparatus  is  represented  diagrammatically  in 
fiKUreS. 

The  spirometer  was  filled  with  20  liters  of  room  air  for  each  experi- 
ment. A  lai^r  amount  was  found  to  prolong  the  experiment  unduly 
and  to  introduce  a  considerable  element  of  fatigue.  Smaller  amounts 
rendered  the  succession  of  events  too  rapid  to  permit  the  introduction 
of  all  the  necessary  procedures  and  accurate  analysiB  of  the  results 
obtained. 

The  minut«  volume  attained  in  the  rebreathing  experiments  was 
calculated  from  the  average  tidal  air  and  the  respiratory  rate  during 
the  last  halfnninute  of  the  experiment,  except  in  one  or  two  cases  where 
the  limit  of  tolerance  was  reached  so  rapidly  that  it  was  necessary  to 
use  a  shorter  terminal  period  for  purposes  of  calculation.  Of  course, 
assuming  that  the  minute  volume  increases  continuously  throuf^iout 
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Fig.  3.  A,  mouth-piece;  B,  3-way  atop-cock;  C,  Douglass  valve;  F,  inspiratory 
tube;  0,  expiratory  tube;  E,  oounterweight  of  spirometer;  D,  recording  pen;  H, 
Haldane  tube;  a,  sampling  tube  for  alveolar  air;  i,  sampling  tube  for  inspiratory 
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the  course  of  the  experitneot,  the  values  obtained  in  this  way  must 
be  somewhat  too  low.  On  the  other  hand,  the  respirations  never  bc»> 
come  absolutely  regular,  and  calculations  based  on  too  small  a  numt>er 
will  be  subject  to  considerable  error.  In  rebreathing  so  large  a  volume 
as  20  liters  the  respiratory  increase  is  sufficiently  gradual  to  permit 
the  use  of  the  last  half-minute,  in  the  majority  of  instances,  with  the 
introduction  of  no  significant  error. 

After  a  satisfactory  determination  of  the  resting  alveolar  C0»  and 
minute  volume  had  been  made,  a  rebreathing  experiment  was  begun. 
The  patient  was  urged  to  continue  as  long  as  he  felt  able,  ^^lien  he 
had  reached  the  limit  of  tolerance  the  valve  of  the  three-way  stop-«ock 
was  opened  to  the  Haldane  tube  during  an  expiration.  The  patient 
was  told  to  breathe  out  forcibly  and  the  valve  was  again  closed  l>efore 
the  following  inspiration.  The  patient  was  at  once  disconnected  from 
the  apparatus  and  the  alveolar  sample  removed  for  analysis.  The 
second  operator  at  the  same  time  removed  a  sample  from  the  inspirator>' 
tube. 

Of  course,  the  coordination  and  cooperation  of  the  subject  were 
necessary  and  there  were  opportunities  for  mistakes.  Altogether  eleven 
successful  experiments  were  made  on  two  normal  subjects;  one  out  of 
two  was  successful  in  a  patient  with  a  gastric  neurosis;  one  in  shell 
shock;  three  in  two  compensated  cardiacs;  and  five  out  of  se\-cn 
attempted  in  four  patients  with  cardiac  decompensation.  Tlie  results 
appear  in  summarized  fonn  in  table  4. 

A  very  striking  difference  is  apparent  at  once  between  the  decompen- 
sated cardiac  cases  and  the  others.  The  former  were  unable  to  tolerate 
as  much  COi  in  the  inspired  air  and  their  atveolar  COt  did  not  rise  to 
as  high  a  level.  This  was  due  to  no  lack  of  will  power  on  the  part  of 
the  cardiacs  because  in  one  or  two  cases  they  continued  rebreathing 
to  the  point  of  exhaustion,  while  none  of  the  compensated  subjects 
went  beyond  a  state  of  moderate  discomfort.  The  alveolar  COi  at 
the  point  of  intolerance  is  therefore  lower  in  decompensated  cardiacs 
than  it  is  in  normal  persons. 

With  the  exception  of  A.  J.,  the  shell  shock  patient,  the  height  of  the 
alveolar  COj  at  which  intolerance  was  reached  bore  a  general  relation 
to  the  preliminary  alveolar  COr-tension.  In  this  one  case  the  low  rest- 
ing alveolar  COi  was  due  to  over-ventilation.  This  was  clearly  shown 
by  the  fact  that  his  initial  reaction  to  rebreathing  was  a  reduction  of 
the  minute-volume,  instead  of  an  increase. 
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TABLE  4 

The  effect  of  rebreathing  on  the  alveolar  COt 


*T  BND  Of 

UBBtlTB- 

CO. 

"K'sr 

"sgr 

pn-MiH 

purclnf 

VcrctM 

8.36 

8.52 

Normal  adult.    Continued  rebreath- 

6.05 

8.01 

8.16 

ing  to  point  of  considerable  dis- 
comfort 

I.  D.  P.  B. 

7.93 

8.21 

To  discomfort 

5.28 

8.06 

8.30 

To  discomfort 

6.73 

7.84 

7.95 

To  slight  discomfort 

6.86 

7.53 

To  slight  discomfort 

7.90 

8.32 

Nonn&l  adult.  To  considerable  dis- 
comfort 

2.  J.  P 

7,95 

7.98 

6.90 

7.27 

To  discomfort 

6.86 

7.05 

To  considerable  discomfort 

fi.78 

6.61 

3.  PK 

5.50 

6.07 

6,85 

To  moderate  discomfort.  No  ex- 
haustion 

5.50 

5.90 

7.30 

Chrpnic  cardiac   valvular  disease, 

4.  T.  deC.. 

compensated 

5.70 

6.59 

7,27 

Rebreathed  to  point  of  moderate  dis- 
comfort 

5.  J.  M.  L.. 

5.23 

7.54 

7.92 

Chronic  cardiac.  Compensated. 
Continued  rebreathing  to  point 
of  considerable  discomfort 

6.  A.J < 

4.51 

6.26 

6.30 

Shell  shock  with  effort  syndrome. 

4-72 

6.30 

6.89 

To  moderate  discomfort  only 

7.  J.  A « 

592 

5,74 

6-36 

Chronic  cardiac,  valvular  disease, 

4,52 

7,34 

breathed  to  point  of  considerable 

discomfort  with  some  exhaustion 

4.50 

3  70 

Chronic   cardiac   valvular  disease. 

8.  J.  B 

4.50 

3.92 

5,65 

Moderate  dyspnea  while  at  rest. 

4,11 

6.17 

6,26 

tinued  only  to  mild  discomrort. 
In  the  last  experiment  consider- 
able discomfort.  Somewhat  ex- 
hausted 
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TABLE  i-Camditdtd 


BMTIHO 

AT  IKS  or  BBiaitlB- 

CO. 

■■s?r 

^'^ 

fWOHl 

fxr  uiK 

r^c€,u 

9.  Joe.  C... . 

6.93 

3. as 

6.6S 

Cardio-nephritlc  with  eudlu  de- 

10.  CD..../ 

5.00 

4.S7 

2.13 

2.S9 

6,10 

Chronic  oardi«,  vtlTulM  diMue 

Continued  to  point  of  muked 
eshMirtion 

U.  D.  0.  C.f 

4.17 

2.M 
2.S3 

6.r2 

Chronic  cardiac,  valvalar  diaeaae 

rebreathinE  to  point  of  discomTort 
with  Bome  exhauition 

In  caxdiac  dyspnea,  then,  the  alveolar  COi  is  low  at  the  point  of 
intolerance.  The  relation  of  the  alveolar  COi  at  this  point  to  the  resting 
alveolar  COj  is  similar  to  that  found  in  normal  persons.  This  is  further 
evidence  that  the.  air  in  the  lungs  in  cardiac  dyspnea  really  |: 
diminished  COrtensloa. 


THE  PLEBCH   UETHOD 

Modifications  of  the  Pleach  method  of  obtainii^  samples  of  alveolar 
air  have  been  employed  extensively  in  cardiac  disease  and  other  patho- 
l(^cal  conditions  by  numerous  workers.  Both  Porges  (2)  and  Peabody 
(3)  used  it  for  their  studies  on  cardiac  dyspnea.  With  this  method,  the 
subject  lebreathes  a  limited  volume  of  air,  usually  600  to  1000  cc.  a 
number  of  times,  usually  from  5  to  10,  in  a  period  of  time  usually  be- 
tween 20  and  30  seconds,  which  is  supposed  to  be  less  than  the  duration 
of  a  single  complete  circulation  of  the  blood,  '^th  normal  resting 
subjects  it  gives  values  that  lie  a  httle  higher  than  those  obtained  by 
the  Haldaoe  method  and  is  assumed  to  represent  the  tension  of  CX)t 
in  the  venous  blood. 

Usually  the  rate  and  depth  of  the  respirations  and  the  duration  of 
rebreathing  can  be  varied  within  rather  wide  limits  with  only  a  slight 
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variation  in  the  analyses  obtained.  This  might  reasonably  be  expected 
even  if  the  theoretical  baeis  of  the  method  were  entirely  wrong.  It 
has  been  shown  that  in  Dormsl  subjects  at  rest,  lung  vcdume,  carbon 
dioidd  output,  arterial  COrtension  and  venous  COHiension  vary  witbin 
narrow  Umita  absolutely  and  in  relation  to  one  another. 

The  assumption  that  such  an  empirical  metbod  is  equally  ^plicable 
to  the  study  of  a  condition  in  which  all  these  factors  are  greatly  dis- 
turbed, ia  hardly  justifiable. 

We  have  made  a  few  observations  on  normal  subjects  and  on  patieota 
with  cardiac  disease  (see  table  5)  in  which  we  tested  the  effect  of  varying 

TABLES 

AeiNlto  of  nuv^  tme  and  nvmber  of  rupirationt  on  Plueh-aloMiar  COi 


»o»*« 

j^2^ 

D.P.B. 

J.  P. 

(UUUO 

S.I. 

D.O.C. 

W.W. 

J.B. 

5  re^irations  in  25  gec- 

onds 

J.K 

l.(M 

s.a 

J.M 

fl.oe 

4.« 

4.tK 

S.41 

4.7( 

i.ffi 

1.82 

10  respintioas  in  2S  sec- 

onda 

(.61 

5.W 

5.tt 

i.21 

6.76 

4.6i 

4.01 

S.St 

&.41 

i.U 

1.63 

5  respirations  in  35  sec- 

onds  

J.« 

S.3& 

5.81 

J.34 

6.90 

S.9( 

S.ffi 

i.K 

>.81 

10  respirations  in  35  sec- 

onds                 

6.34 

6.41 

6.88 

6.43 

6.92 

4.70 

6.2» 

G.99 

5.50 

Average  value 

B.37 

e.ifl 

5.78 

6.32 

6.87 

4.60 

4.80 

S.89 

5.44 

5.33 

5.17 

).3f 

).44 

).« 

).21 

0.S4 

).22 

>.0] 

).Rf 

1.2f 

).« 

*.W 

Haldane  alveolar  CO..... 

s.a 

5.3J 

l.fl] 

5.41 

t.8f 

i.r. 

3.7J 

4.34 

4,11 

4.11 

DifFerenee          between 

PleschandJIaldane... 

1.09 

0,86 

9.71 

1.26 

).74 

1.17 

1.99 

1.10 

1.2^ 

1.06 

the  time  and  rate  of  rebreathing  within  certain  limits.  The  time  limits 
chosen  were  25  and  35  seconds;  the  number  of  breaths  5  and  10.  The 
apparatus  used  was  essentially  the  same  as  that  recommended  by 
Pcabody  (16):  a  three-way  brass  stop-cock  described  above,  which 
connected  the  subject  either  with  the  outside  lur  or  a  rebreathing  bag 
containing  1000  cc.  of  room  air.  The  bore  of  the  valve  and  tubing 
was  1.75  cm.,  the  instrumental  dead  space,  including  the  rubber  mouth- 
piece, 30  cc.  Rebreathing  was  always  begun  after  a  forced  expiration 
and  the  patient  was  directed  to  mi^e  a  maximum  respiratory  effort 
with  each  breath. 
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In  the  case  of  J.  P.  the  total  difference  obtained  within  the  limite 
of  variation  of  time  and  niunber  of  respirations  employed  was  0.21 
per  cent.  In  D.  P.  B.  the  differences  were  greater:  from  0.36  to  0.66 
per  cent.  Moreover,  in  one  experiment  on  jbhe  latter  (no.  Ill)  it  appean 
that  the  duration  of  the  experiment  has  leas  influence  than  the  number 
of  respirations.  In  the  cardiac  patients  studied  the  differences  were 
slightly  larger,  in  One  case  1.29  per  cent.  Again  variations  in  the 
number  of  respirations  appear  almost  as  important  as  variati<Hi8  in 
time.  One  would  be  rather  at  a  loss  to  know  which  values  to  accept 
under  these  conditions. 

Of  course  35  seconds  and  10  breaths  are  both  in  excess  of  the  limits 
usually  employed.  The  objection  may  be  raised  that  we  have  not 
limited  the  element  of  time  and  the  number  of  breaths  sufficiently. 
To  us  it  seems  essential  to  determine  whether  limitation  of  experimental 
factors  produces  an  equivalent  limitation  of  variation  in  all  subjects. 
One  is  not  justified  in  producing  an  apparent  constancy  in  results  by 
an  arbitrary  limitation  of  experimental  variations. 

THE  HENDERSON-LAURENS  UETHOD 

Y.  Henderson  (12)  has  recently  published  a  method  for  the  deter- 
mination of  the  venous  COt-tension.  It  does  not  differ  in  principle 
from  previous  methods,  but  demands  less  effort  and  intelligence  on  the 
part  of  the  subject  and  is  therefore  more  applicable  to  clinical  studies. 
It  depends  on  the  principle  of  intermittent  rebreathingr  Laurens  (17) 
hae  pointed  out  that  it  is  necessary  to  regard  certain  precautions  in 
rebreathing  because  diffusion  of  CO:  is  more  perfect  during  respirator)' 
motions  than  it  is  while  the  chest  is  motionless.  Our  technic  has  been 
modified,  therefore,  to  meet  his  requirements. 

The  apparatus  used  was  the  same  as  that  employed  in  the  Plesch 
studies.  The  rebreathing  hag  was  filled  with  about  2000  cc.  of  expi- 
ratory air.  In  most  cases  a  second  observation  was  made  in  which  the 
bag  was  filled  with  a  mixture  of  air  with  6.5  to  10  per  cent  COi,  While 
the  patient  was  breathing  room  air  quietly  through  the  valve,  he  was 
ordered  to  give  a  maximum  expiration.  When  his  lungs  were  com- 
pletely deflated  the  stop-cock  was  turned.  He  then  filled  bis  lungs  with 
a  mixture  from  the  bag  by  a  deep  inspiration,  retained  the  air  in  his 
lungs  about  10  seconds  and  expired  into  the  bag  forcibly.  The  stop- 
cock was  then  turned  to  the  room  again  and  he  resumed  normal  respi- 
rations.    After  a  sufficient  inter\'al  to  permit  the  respirations  to  return 
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to  Dormal  the  same  procedure  was  repeated.  After  each  respiratioD 
the  mixture  in  the  bag  was  tested  for  C0».  The  rebreathing  was  con- 
tinued until  analyses  after  successive  respirations  showed  that  the  CtV 
tension  had  reached  a  practically  constant  level.  In  normal  subjects 
this  level  is  reached  after  about  7  rebreathit^s  and  the  level  attained 
in  rebreathing  expired  air  and  CO]  rich  mixtures  is  the  same. 

The  results  of  these  studies  are  shown  in  table  6.  Not  all  of  the 
experiments  are  entirely  satisfactory;  but  a  more  or  less  constant  level 
is  reached  in  cardiac  subjects  as  well  as  in  normals, 

There  is  a  surprisingly  close  agreement  between  the  venous  alveolar 
values  obtained  by  the  Henderson-Laurens  method  and  the  average 
■  of  the  values  obtained  by  the  Pleseh  method.  The  application  of  the 
Plesch  method,  in  the  simple  form  usually  employed,  to  the  physiologic 
study  of  cardiac  disease,  seems  hardly  warranted.  The  limitation  of 
the  number  of  respirations  and  the  duration  of  rebreathing  is  more  or 
less  arbitrary  and  based  on  the  study  of  normal  subjects  only.  The 
use  of  an  aven^  value  obtained  from  a  series  of  observations  in  which 
both  time  and  number  of  respirations  has  been  varied  seems  preferable. 
In  normal  and  cardiac  subjects  values  so  obtained  agree  with  those 
obtEuned  by  at  least  one  other  venous  method. 

The  difference  between  the  Henderson  and  the  Haldane  alveolar 
COt  is  greater  in  subjects  with  cardiac  dyspnea  than  in  normal  persoikB 
or  cardiac  patients  without  dyspnea.  In  spite  of  this  the  actual  values 
found  by  the  Henderson  method  in  cardiac  dyspnea  are  slightly  lower 
than  normal.  *  This  is  again  evidence  that  the  carbon  dioxide  tension 
of  the  air  in  the  lungs  is  reduced  in  cardiac  dyspnea. 

It  is  not  possible  to  argue  that  the  difference  between  the  Henderson 
and  the  Haldane  alveolar  COj  represents  the  difference  of  COt-tension 
between  arterial  and  venous  blood.  The  Haldane  values  can  not  be 
interpreted  as  a  measure  of  the  arterial  COj-tension  until  the  criticisms 
of  Siebeck  have  been  answered.  The  only  way  to  answer  them  is  by 
the  direct  determination  of  the  arterial  COr-tension.  The  objections 
to  the  application  of  alveolar  methods  to  the  determination  of  the  carbon 
dioxid  tension  of  venous  blood  are  even  greater.  Christiansen,  Douglas 
and  Haldane  (18)  have  pointed  out  that  direct  determination  of  the 
venous  carbon  dioxid  -tension  by  these  methods  is  impossible.  The 
pecidiar  effect  of  oxygen  on  the  carbon  dioxid  dissociation  curve  of  the 
blood  necessitates  the  introduction  of  a  correction  for  the  oxygen 
unsaturation  of  venous  blood.  An  aven^  correction  can  be  applied 
in  the  case  of  normal  persons  without  any  considerable  error.    In 
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patients  with  cardiac  decompensation,  however,  the  oxygen  unsatu- 
ration  of  the  venous  blood  is  much  greater  (19)  and  more  variable. 
The  use  of  a  standard  correction  factor  may  therefore  involve  consider- 
able error, 

SVMMAftT   AND   CONCLUSIONS 

The  Haldsne  method  of  obtaining  alveolar  air  has  been  employed 
in  the  study  of  a  series  of  cardiac  patients  with  dyspnea  with  no  greater 
variation  in  results  than  is  found  in  studies  of  trained  normal  subjects. 
The  carbon  dioxid  tension  of  alveolar  air  thus  obtained  has  been  found 
cons^tently  low  in  comparison  with  the  carbon  dioxid  capacity  of 
venous  plasma.  The  comparatively  low  values  are  not  due  to  technical 
or  subjective  errors  nor  to  any  considerable  increase  in  the  volume  of 
the  dead  space.  The  patient  with  cardiac  decompensation  maintains 
his  alveolar  COi  at  a  lower  level  than  does  the  normal  and  the  level 
to  which  he  will  permit  it  to  rise  under  the  influence  of  rebreathlng  is 
proportionately  reduced. 

The  Plesch  method  gives  variable  results  according  to  the  number 
of  respirations  and  the  duration  of  rebreathing.  If,  however,  an  average 
of  a  series  of  observations  in  which  these  factors  have  been  varied  is 
employed  the  results  agree  with  those  given  by  the  Henderson  method 
for  venous  alveolar  COj.  The  values  Found  by  these  methods  are  some- 
what lower  in  decompensated  cardiac  subjects  than  in  normal  persons; 
but  are  high  in  relation  to  the  values  given  by  the  Haldane  method. 

No  attempt  has  been  made  to  translate  alveolar  CCVtension  into 
terms  of  arterial  or  venous  COj-tension.  The  alveolar  air  has  been 
considered  entirely  from  a  functional  standpoint  as  that  portion  of  the 
sir  in  the  lungs  which  is  available  for  the  exchai^e  of  gases  between  the 
blood  in  the  pulmonary  circulation  and  the  outside  air.  If  the  term 
"alveolar  air"  is  used  in  this  sense,  it  may  be  said  that  the  alveolar 
COr-tension  of  subjects  with  cardiac  dyspnea  is  low  in  comparison  with 
the  carbon  dioxid  capacity  of  the  plasma.  As  the  latter  is  variable, 
but  seldom  abnormally  high,  the  alveolar  COr-tension  is  usually  not 
only  relatively  but  absolutely  diminished. 
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That  the  vital  capacity  of  the  lungs  Ib  reduced  during  cardiac  decom- 
pensation is  a  well-established  fact  (1),  (2).  A  few  experiments  have 
been  conducted  to  find  out  whether  this  reduction  is  associated  with  a 
change  in  the  total  air  containing  space  of  the  lungs  and  to  ascertain 
the  effect  of  such  a  change  on  the  functional  efficiency  of  the  respiratory 
mechanism. 


The  problem  has  been  approached  in  two  distinct  ways:  a,  by  the 
apphcation  of  the  Lundsgaard  (3)  method  for  measuring  the  lung  volume 
by  rebreathing  oxygen;  b,  by  a  study  of  the  effect  of  continuous  re- 
breathing  of  air  on  the  volume  of  the  tidal  air  and  the  comparison  of 
the  latter  with  the  vital  capacity. 

The  lung  volume  of  a  few  normal  and  pathological  cases  was  measured 
by  the  Lundsgaard  (3)  method  of  rebreathing  oxygen.  A  graphic 
record  of  the  preliminary  respirations  and  the  vital  capacity  was  ob- 
tained with  a  Tissot  spirometer  by  means  of  a  combination  of  valves 
similar  to  that  used  for  rebreathing  experiments  and  described  in  the 
preceding  paper  (4).  A  rebreathing  bag  containing  a  measured  amount 
of  oxygen  was  attached  in  place  of  the  Haldane  tube.  In  all  cases  the 
subject  commenced  rebreathing  from  the  position  of  complete  expira- 
tion. The  volume  of  the  residual  air  was  calculated  from  the  gas 
mixture  in  the  b^  at  the  end  of  the  observation.  The  volume  of  the 
vital  capacity  was  obtained  from  the  graphic  record.  The  values 
thus  obtained  were  compared  with  those  obtMned  by  the  Lundsgaard 
(3)  method  of  chest  measurement. 
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The  apparatus  and  method  employed  in  the  rebreathiug  experi- 
ments were  described  in  the  first  paper  of  this  series  (4).  By  a  study 
of  the  tidal  air  of  normal  subjects  and  cardiac  patients  after  the  con- 
tinuous rebreathing  of  air  from  a  spirometer,  we  hoped  to  gain  some 
information  on  the  effect  of  the  reduction  of  vital  capacity  on  the  func- 
tional efficiency  of  the  respiratory  mechanism. 


The  results  of  the  lung  voliime  determinations  are  collected  in  the 
first  three  columns  of  table  1,  In  each  case  the  normal  lung  volume,  as 
calculated  by  the  Lundsgaard  (3)  method  of  chest  measurement  is 
reported  first,  in  itaUcs.  Below  it  appear  the  values  obtained  from  the 
rebreathing  experiments.  In  the  fourth,  fifth  and  sixth  columns  are 
*  given  the  conditions  of  the  experiments:  the  volume  of  oxygen  taken 
in  the  rebreathing  bag;  the  mmnber  of  respirations  and  the  duration 
of  the  rebreathing. 

The  first  two  subjects  were  normal.  The  third  had  chronic  cardiac 
valvular  disease  without  decompensation.  His  vital  capacity,  residual 
air  and  lung  volume  were  almost  normal.  Number  4,  at  the  first 
observation,  in  the  absence  of  dyspnea,  showed  only  a  alight  reduc- 
tion of  the  vital  capacity.  Three  weeks  later,  with  a  recurrence  of 
dyspnea,  his  vita)  capacity  was  found  to  be  only  half  as  large.  His 
residual  air  was  not  far  from  normal.  Unfortunately  his  residual  air 
was  not  determined  at  the  time  of  the  first  observation. 

Nimiber  5,  A.  R.,  had  hypertensive  nephritis  with  some  edema  and 
signs  of  uremia:  drowsiness  and  Cheyne-Stokes  breathing.  He  showed 
no  considerable  hyperpnea,  although  his  plasma  bicarbonate  was 
reduced.  His  chest  was  entirely  clear.  His  vital  capacity  was  very 
small  but  his  residual  air  practically  normal. 

The  last  three  were  decompensated  patients  with  dyspnea  and  showed 
very  low  vital  capacities.  The  volume  of  the  residual  air  was  also 
considerably  below  normal  in  the  last  two.  With  the  exception  of  the 
last  patient,  who  had  a  massive  hydrothorax,  the  physical  signs  found 
in  the  chest  were  insignificant  in  comparison  with  the  diminution  of 
lung  volume. 

These  results  indicate  that,  in  patients  with  cardiac  dyspnea,  the 
total  volume  of  air  in  the  lungs  which  can  be  detected  by  the  usual 
methods  is  considerably  less  than  that  found  in  nonnal  persons.  The 
lai^est  part  of  the  reduction  in  lung  volume  is  due  to  a  diminution  of 
the  vital  capacity.     The  residual  air  is  unchanged  or  slightly  reduced. 
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The  results  of  the  rebreathing  experiments  are  given  in  table  2. 
The  subjects  are  arranged  from  above  downward  according  to  the  mag- 
nitude of  their  vital  capacities,  which  appear  in  column  1.  In  column 
2  is  given  the  normal  vital  capacity  as  calculated  from  the  Lundsgaard 
(3)  chest  measurements.  In  column  3  is  shown  the  average  resting 
tidal  air  and  in  column  4  the  tidal  air  at  the  end  of  a  rebreathing  experi- 

TABLEl 

Vital  capacUjf  and  tidal  air 


1.  D.  P.  B.. 

2.  J.  P 

3.  T.  dec... 

4.  P.  K 

5.  A.J 

9.  J.  B 

7.  J.  C 

S.  J.  A 

9.  CD 

10.  J.  M.  L.. 

11.  A.  R 

12.  R.  W.... 

13.  J.  J.  F... 


14.  W.  W.... 

15.  D.  O.  C. 

16.  S.  I 

17.  J.  M... . . 

IS.  Job.  C... 


°»*m*r 

nDu.ira 

VITit. 

'■""•"■ 

.»;^a 

4637 

3332* 

580 

2407 

3953 

3704 

372 

1920 

3839 

1249 

3503 

371 

1192 

2729 

389 

980 

2519 

737 

1336 

2432 

2980 

421 

2430 

2930 

439 

1116 

2145 

315 

581 

1789 

390 

1309 

1789 

3640 

604 

17H 

3930 

244 

1704 

304 

1452 

4698 

469 

1308 

3540 

423 

638 

1248 

375 

1197 

475 

1182 

385 

492 

Noimal 

NonnftI 

Cardiac.    Compeiiutcd 

Gutric  neurosu 

Shell  shock.    Efforts] 

Cudiac.    Slight  dTspnaa  and 

hyperpnea 
CardiKC.    Compeoafttcd 
Cardiac.    Compeoutcd 
Cardiac.    Severe    deeompeo- 

Cardiac.    No  dyapnes  nor  hy- 
perpnea 
Nephritic.    Mild  acidoaie 
Cardiac.    Some  dyq>aea 
Cardio-nephritic.    Mild  acid- 
Cardiac.    EJome  dyqinea 
Cardiac.    Marked  djnpaea 
Cardiac.    Severe  dyipaea 
Cardiac.    Extreme    cyanosia. 

Some  dyspnea 
Cardiac.    Marked  dyspnea 


*  See  note,  table  I. 

ment.  The  last  we  have  called  the  "maximum  tidal  air"  because  It 
is  the  largest  respiratory  volimie  which  the  subject  will  exchange  under 
the  influence  of  the  strongest  respiratory  stimiJus  that  can  be  apfdied, 
carbon  dioxid. 

Peabody  (5)  found  the  average  resting  tidal  air  slightly  reduced  in 
cardiac  dyspnea.    This  our  figures  do  not  show.    If  such  a  reducticn 
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exists  it  is  snuill  in  proportion  to  the  enormoua  reduction  found  in  the 
vital  capacity. 

The  mftrimiim  tidal  air,  on  the  other  hand,  varies  almost  directly 
with  the  vital  capacity  and  the  ratio  between  the  two  shows  the  same 
range  of  variation  in  cardiac  patients  with  dyspnea  as  in  normals  (0.35 
to  0.55).  Number  10  is  the  only  exception  to  this  rule.  In  his  case 
the  "maximum  tidal  air"  was  very  large  in  proportion  to  the  vital 
capacity.  It  was  noted  in  the  course  of  the  experiment  on  this  patient 
that  he  could  not  be  induced  to  exert  himself  to  the  full  extent  of  his 
strength  when  he  blew  into  the  spirometer.  The  low  vital  capacity, 
in  this  instance,  may  be  only  an  expression  of  lack  of  effort  on  the  part 
of  the  patient.  This  was  completely  overcome  under  the  stimulus  of 
carbon  dioxid  and  he  showed  a  normal  "maximiun  tidal  air,"  althoi^h 
he  did  not  continue  rebreathing  to  the  point  of  exhaustitm. 

In  the  case  of  the  decompensated  cardiac  patients,  however,  there 
was  no  lack  of  effort  'apparent  during  the  determination  of  the  vital 
capacity.  Moreover,  two  of  them  continued  rebreathing  to  the  point 
of  extreme  exhaustion.  The  reduction  of  the  "maximum  tidal  air" 
and  the  vital  capacity  may  be  a  functional  matter,  due  to  reflex  inhibi- 
tion. If  so,  this  inhibition  is  so  profound  that  it  can  not  be  overcome 
by  the  strongest  stimulus  which  can  be  applied.  The  increase  in  the 
tidal  air  which  normally  occurs  in  response  to  the  stimulus  of  carbon 
dioxid  is  Umited  by  the  lowered  vita)  capacity. 

niBCUSSION 

Siebeck  (1),  in  1912,  measured  the  lung  volume  in  a  series  of  cardiac 
patients  by  a  rebreathing  method.  His  studies  showed  that  in  cardiac 
dyspnea  the  residual  air  was  relatively  increased,  although  the  absolute 
values  he  obtained  seem  to  have  been  lower  thui  normal.  Ilie  reserve 
air  and  the  complementary  air  were  both  decreased.  These  results 
are  substantially  the  same  as  ours.  However,  Siebeck  regarded  them 
as  questionable  because  he  was  unable  to  obtain  the  same  constancy 
in  his  rebreathed  mixtures  in  cardiac  patients  as  in  normals.  In  the 
latter  the  concentration  of  hydrogen  in  the  rebreathing  bag  became 
constant  after  5  respirations.  In  subjects  with  cardiac  dyspnea  the 
concentration  continued  to  change  even  after  10  respirations.  This 
Sid>eck  considered  to  be  due  to  improper  diffusion  of  air  in  the  limgs. 
He  concluded  that  the  actual  volume  of  residual  air  was  greater  than 
that  indicated  by  the  rebreathing  methods. 
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As  Soime  (6)  has  shown,  the  residual  air  can  be  measured  with  oniy 
an  approximate  degree  of  accuracy  even  in  the  normal  person.  Whether 
Siebeck  is  right  in  believing  that  the  amount  of  tar  present  is  greater 
than  that  found,  we  are  unwilling  to  ai^e.  In  two  or  three  cases  the 
number  of  respirations,  the  time  and  the  volume  of  air  rebreathed  were 
varied  without  significant  chajiges  in  the  values  obtained.  This  does 
not  agree  with  Siebeck's  findings.  But  any  air  that  may  be  present 
and  undetected  must  be  peculiarly  useless  for  respiratory  purposes. 
A  functional  conception  of  the  lungs  is  of  more  value  than  a  purely 
anatomical  one.  In  a  nonnal  person  residual  air  determinations  may 
be  considered  as  measurements  of  the  volume  of  air  space  in  the  fully 
deflated  lungs,  which  is  available  for  the  rapid  diffusion  of  gases.  In 
this  sense,  certainly,  the  residual  air  is  not  increased  in  cardiac  dyspnea. 
Since  the  vital  capacity  is  decreased  the  effective  volume  of  the  lungs 
must  be  diminished. 

Whether  this  diminution  is  due  to  a  true  anatomical  lesion  or  not, 
we  are  unprepared  to  say.  In  some  instances  hydrotborax  plays  a  part, 
but  it  is  by  no  means  an  essential  part.  This  we  may  assume  not 
only  because  of  the  absence  of  physical  signs  of  fluid,  but  also  because 
of  the  rapidity  with  which  the  vital  capacity  increases  as  compensation 
is  established  (7). 

Just  what  effect  such  a  diminution  of  the  lung  volume  may  have  on 
the  gas  exchange  must  be  largely  a  matter  of  speculation  until  the  cause 
of  the  diminution  is  determined.  If  it  is  not  due  to  a  true  anatomical 
lesion  it  is  quite  possible  that  some  or  all  of  the  blood  in  the  pulmonary 
veseels  is  not  in  gaseous  equiUbrium  with  the  alveolar  air.  This  mi^t, 
in  part  at  least,  explain  the  discrepancy  between  the  alveolar  COt  and 
the  COi-combining  capacity  of  the  plasma. 

This  discrepancy  Pearce  (8)  has  attributed  entirely  to  the  effect  of 
stasis  in  the  general  circulation.  He  has  drawn  a  fine  distinction  be- 
tween the  causes  of  the  low  alveolar  COr-tension  in  congenital  heart 
disease,  pneumonia  and  acquired  heart  disease.  In  congenital  heart 
disease  part  of  the  venous  blood  does  not  pass  through  the  lungs,  and 
in  consequence  is  given  no  opportunity  to  rid  itself  of  the  COi  which 
it  has  received  from  the  tissues.  In  consequence  the  arterial  blood  is 
a  mixture  of  aerated  and  una£rated  blood.  If  there  were  no  compen- 
satory reaction  a  true  carbon  dioxid  acidosis  would  occur.  The  respir- 
atory mechanism,  however,  responds  to  the  stimulus  of  the  carbon 
.  dioxid.  The  alveolar  COi-iension  and  the  COi-tension  of  the  blood 
which  does  pass  through  the  pulmonary  circulation  is  reduced  suffi- 
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ciently  to  restore  the  CCVtension  and  hydrc^en-ion  concentration  of 
the  arterial  blood  to  normal. 

In  patienta  with  pneumonia  in  whom  Pearce  found  the  same  dis- 
crepancy between  \h.e  alveolar  COt~tenaion  and  the  plasma  bicar- 
bonates,  he  advances  a  similar  explanation.  In  this  case,  although  all 
the  blood  passes  through  the  pulmonary  circulation,  he  supposes  that 
part  of  the  blood  passes  through  non-aerated  portions  of  the  lungs. 
On  what  seems  to  us  insufficient  evidence,  he  denies  the  possibility 
of  such  a  condition  in  acquired  cardiac  disease.  But  certainly  the 
reduction  of  the  effective  lung  volume  renders  it  not  only  possible,  but 
not  improbable.  Even  if  Siebeck  is  right  and  this  diminution  is  not 
due  to  a  decrease  in  the  actual  air-containing  space  in  the  lungs,  a 
certain  part  of  this  air  must  be  unavailable  for  the  rapid  diffusion  of 
gases  and  that  portion  of  blood  in  the  pulmonary  circulation  which 
comes  in  contact  with  this  air  must  be  less  effectively  ventilated  than 
normal. 

That  the  blood  flow  is  retarded  in  decompensated  cardiac  disease  is 
probable  in  the  light  of  Harrop's  (9)  observation  of  an  increase  in  the 
difference  of  the  oxygen  content  of  arterial  and  venous  blood. 

That  this  is  the  sole  factor  in  the  production  of  the  low  alveolar  COj 
remains  to  be  proved.  It  is  doubtful  whether  the  method  of  Christian- 
sen, Douglas  and  Haldane  (10),  which  was  employed  by  Pearce  for  the 
determination  of  the  rate  of  blood  flow,  can  be  interpreted  quantitatively 
in  cardiac  dyspnea.  In  this  method  it  is  assumed  that  the  COrtension 
of  the  alveolar  air  is  the  same  as  that  of  the  arterial  blood.  That  such 
a  relation  obtains  in  cardiac  dyspnea  demands  definite  proof.  The  use 
of  respiratory  methods  that  are  designed  to  determine  the  venous  COt- 
tension  is  also  open  to  question  when  applied  to  conditions  in  which 
the  venous  oxygen  unsaturation  is  excessive.  Christiansen,  Douglas 
and  Haldane  showed  that  the  effect  of  oxygen  on  the  carbon  dioxid 
dissociation  curve  necessitated  the  introduction  of  a  correction  for  the 
oxygen  unsaturation  even  in  normal  persons.  The  extent  of  this  cor- 
rection in  cardiacs  can  only  be  guessed. 

Although  the  effect  of  the  small  effective  lung  volume  on  the  exchange 
of  gases  between  the  blood  and  the  alveolar  air  remains  largely  a  matter 
of  speculation,  its  effect  on  the  mechanics  of  respiration  is  fairly  clear. 
Here  we  have  to  deal  only  with  the  vital  capacity,  the  portion  of  the 
lung  volume  available  for  ventilation  of  the  limgs. 

Apparently  the  reduction  of  vital  capacity  which  occurs  during 
cardiac  dyspnea  has  little  effect  in  limiting  the  respiratory  exchange 
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during  rest.  The  volume  of  the  resting  tidal  air  is  not  dioiiniabed. 
On  the  other  band,  the  amount  by  which  the  tidal  air  cao  increase 
under  the  stimulus  of  carbon  dioxid  Beams  to  be  distinctly  limited  by 
the  reduction  of  the  vital  capacity.  The  reserve  of  the  mechaoical 
apparatus  of  respiration  is  therefore  greatly  diminished. 

CONCXD8ION8 

1.  In  cardiac  patients  with  dyspnea  no  evidence  of  an  increased 
residual  air  was  obtained  by  the  Lundsgaard  method. 

2.  As  the  vital  capacity  is  diminished,  this  means  that  the  effective 
lung  volume,  the  volume  of  air  in  the  lungs  available  for  the  exchange 
of  gases,  is  diminished. 

3.  The  maximum  volume.of  tidal  air  attained  under  the  stimulus  of 
continuous  rebreathing  is  lower  than  normal  in  cardiac  dyspnea.  The 
reduction  in  the  maximal  tidal  air  bears  a  close  relation  to  the  reduc- 
tion in  vital  capacity. 
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In  the  previous  papers  of  this  series  (1),  (2)  it  has  been  shown  that 
the  effective  lung  volume  is  decreased  during  the  dyspnea  of  cardiac 
decompensation.  The  alveolar  COj  tension,  as  detennined  hy  the 
Haldane  method,  is  usually  low  and  always  lower  than  the  concentra^ 
tion  of  the  bicarbonate  in  the  venous  plasma  would  indicate.  We  have 
shown  that  the  air  obtained  by  Haldane's  method  is  probably  true 
alveolar  or  exchange  air.  In  this  paper  we  shall  present  evidence  to 
substantiate  this  contention  and  shall  discuss  the  influence  of  a  low 
alveolar  Cd  tension  and  of  a  diminished  lung  volume  upon  the  effective 
ventilation  in  relation  to  the  dyspnea  of  heart  disease. 

Peabody,  Wentworth  and  Barker  (3)  find  that,  although  the  level 
of  metabolism  is  normal  or  only  moderately  increased  during  cardiac 
decompensation,  the  minute  volume  of  respiration  is  much  greater 
than  in  normal  individuals.  The  increase  is  accomplished  by  a  more 
rapid  respiratory  rate  with  a  moderate  diminution  in  the  volume  of 
each  expiration.    The  percentage  of  COj  in  the  expired  air  is  diminished. 

Peabody  recognizes  that  the  greater  observed  minute  volume  may 
represent  no  increase  in  the  amount  of  effective  air  breathed.  The 
tidal  air  consists  of  two  ports.  The  dead  space,  which  fills  the  upper 
respiratory  tract  is  practically  atmospheric  air  and  is  of  no  value  in  the 
ventilation  of  the  functioning  portions  of  the  lungs.  It  is  only  the 
remainder  of  an  expiration,  the  exchai^  air,  which  is  effective  for 
purposes  of  respiration.  In  any  given  expiration,  the  relative  propor- 
tion of  dead  space  to  exchange  air  will  det«mune  the  efficiency  of 
ventilation.  If,  as  Peabody  assmnes,  the  volume  of  the  dead  space 
is  not  changed  during  decompensation  while  the  volume  of  tidal  air 
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is  diminished,  the  amount  of  effective  air  in  each  expiration  will  be 
diminiHhed. 

It  is  possible  to  arrive  at  a  rough  estimate  of  the  effective  minute 
volume  by  subtracting  an  average  dead  space  value  from  the  volume 
of  the  tidal  air  and  multiplying  the  remainder  by  the  respiratory  rate. 
Different  observers,  Haldane  and  Priestley  (4),  Krogh  and  Lindbard 
(5)  and  Pearee  (6),  have  found  the  volume  of  the  dead  apace  in  normal 
resting  subjects  to  vary  between  100  and  200  cc.  with  an  average  of 
about  130  cc.  Since  there  is  no  evidence  that  the  dead  space  is  changed 
in  cardiac  dyspnea  and  experiments  reported  in  a  previous  paper  (1) 
indicate  that  it  cannot  be  greatly  above  the  normal  values,  130  cc. 
has  been  used  as  the  average  volume  of  the  dead  space  for  purposes 
of  calculation. 

To  determine  the  effective  ventilation,  we  made  a  considerable 
number  of  observations  on  the  minute  volume  of  normal  individuals 
and  of  compensated  and  decompensated  cardiacs.  The  method  did 
not  differ  from  that  of  Peabody  except  that  a  nose  clip  and  rubber 
mouthpiece  were  substituted  for  the  Siebe  Gorman  mask.  The  inatru- 
mental  dead  space  was  30  cc.  The  expiratory  air  was  collected  in  an 
accurately  balanced  Tiasot  spirometer  for  periods  varying  from  five 
to  ten  minutes,  the  volume  of  expiration  and  the  number  of  respirations 
being  recorded  for  each  minute.  Voliunes  were  reduced  to  standard 
conditions  of  760  nnm.  Hg.  and  0°C.  To  these  observations  we  applied 
the  following  formula: 

(Tidal  Air  —  160')  Respiratory  Rate  =  Effective  Minute  Volume 

The  results  are  tabulated  in  table  1. 

For  the  purpose  of  comparing  our  results  with  those  of  Peabody 
we  have  calculated  the  effective  minute  volume  from  his  figures.  The 
dead  space  of  the  Siebe  Gorman  mask  which  he  used  has  been  estimated 
at  about  50  cc.    Averages  of  the  results  are  given  in  table  2. 

The  results  of  the  two  experiments  are  in  practical  agreement.  In 
the  decompensated  cases,  the  minute  volume  of  respiration  is  greater 
and  the  respiratory  rate  is  increased.  The  volume  of  the  tidal  air  is 
sometimes  slightly  diminished  but  this  is  by  no  means  invariable  as 
is  shown  by  the  large  tidal  air  of  J.  B.  and  J.  D.  B.  (table  1).  The 
effective  minute  volume  is  much  greater  during  decompensation. 

It  might  be  argued  that  the  increase  in  effective  ventilation  is  due 
to  the  higher  level  of  metabolism  and  the  consequent  increase  in  C(^ 

■  To  the  average  dead  Bpace  of  the  individual  has  been  added  the  iDBtruiiiental 
dead  space  of  30  oc. 
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production  which  is  observed  in  many  dyspneic  cardiac  patients.  That 
this  is  not  true  can  be  demonstrated  by  calculations  from  Peabody's 
figures  (tables). 

Figures  for  surface  area  show  that  the  average  size  of  the  patients 
in  the  two  groups  is  practically  identical.  Differences  either  in  the 
production  of  COj  or  in  the  effective  ventilation  cannot  "be  due  to  dis- 
crepancies in  size.  The  COi  production  per  minute  ie  only  5.1  per 
cent  greater  in  the  decompensated  cases.  The  volume  of  effective  air 
breathed  per  minute  is  30.3  per  cent  higher  than  in  the  cases  without 
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cardiac  or  pulmonary  disease 
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Normal  adult.  Respirations 
rapid  and  variable.  Obvi- 
ously over- ventilating 

J.  A. 
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4,106 

Chronic  cardiac  valvular  dis- 
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4,626 

ease.  No  dyspnea  while  at 
rest  in  bed 
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Chronic  cardiac  valvular  dis- 
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ease.  No  dyspnea  while  at 
rest  in  bed 

R.  W. 

5,828 
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Chronic  cardiac  valvular  dis- 
ease. Breathing  quietly 
while  at  rest  in  bed.  Rapid 
and  superficial  during  experi- 
ment 

J.  W. 

7,680 
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18,7 

4,675 

Chronic  nephritis.  Hyperten- 
sion. No  dyspnea  while  at 
rest  in  bed 
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737 

17.9 

10,310 

Chronio  cardiac  valvular  dia- 

10,210 

612 

16.7 

7,640 

eaee.  Dyspaea  and  cjaDosia 
while  St  rest 

Joi.  C. 

13,690 
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Dyspnea  and  orthopnea 

D.  0.  C. 

8,060 

«23 

19  1 

5,020 
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rest.    Right  hydrothorax 

W.  W. 
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Chronic  cardiac  valvular  dis- 
ease. Moderate  dyspoe* 
while  at  rest 

J.  R. 

11,303 

311 

36.7 

5,542 

ChroDic  cardiac  valvular  dis- 

10,UO 

367 

28.3 

5,576 

ease.  Marked  dyspnea  and 
orthopnea  while  at  rest 

P.  0.  S. 

9,067 

279 

32.6 

3,879 

Chronic  cardiac  valvular  dia- 
eaae.  Right  hydrothorax. 
Marked  dyspnea  and  orthop- 
nea while  at  rest 

J.  D.  B. 

14,310 

821 

17.4 

11,501 

Chronic  cardiac  valvular  dis- 

12,800 

538 
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8,906 

ease.  Marked  dyspnea  and 
orthopnea  while  at  rest 

J.  M. 

8,662 

475 

18.2 

5,733 

Chronio  catdiac  valvular  di»- 

9,843 

496 

19.8 
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Bome  dyspnea  while  at  rest 

Avera^ 

.10,788 

463 

26.1 

6,7«6 

dyspnea.    Only  a  small  part  of  the  increase  in  effective  ventilation 
can  be  accounted  for  by  a  greater  COt  production. 

Furthermore,  since  the  dyspoeic  cardiac  breathes  a  much  greater 
amount  of  COi,  each  volume  of  his  effective  or  alveolar  air  must 
contain  a  smaller  percentage  of  COj. 
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5,901 
466 
13.2 
3,630 

Effective  minute  volume  (cc.) 

4,800 

*  Minute  volumes  have  beea  recalculated  from  the  COi  produced  per  minute 
and  the  percentage  of  COt  in  the  expired  air. 

TABLBt 
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It  is  poflflible  to  ehow  more  directly  the  probability  of  a  reduced 
alveolar  COj  tensioii.  In  the  paper  deecribing  their  methfxl  of  obtain- 
ing alveolar  air,  Haldane  and  Prieetley  (4)  indicated  a  means  of  deter- 
mining the  volume  of  the  dead  apace.  The  data  necessary  for  the 
calculation  were  the  volume  of  an  expiration,  the  percentage  of  COt 
in  the  expired  air  and  the  percentage  of  CO*  in  the  alveolar  air.  These 
were  combined  in  the  following  formula: 

■    Formula  I 

„. ,  ,     .       Tidal  air  X  per  cent  CO,  in  expired  air      „      , 

Tidal  air ^^   . .       ,    ■    . -  Dead  space 

Per  cent  C0|  in  alveolar  air 

By  a  simple  inversion  of  their  formula,  the  percentage  of  COi  in 
the  alveolar  air  can  be  deduced. 

Formula  II 

Tidal  air  X  per  cent  COi  in  expired  air      „  ~„  .      .      ,       . 

_. .  . — ; =; — ; -  Per  cent  COi  m  alveolar  air 

Tidal  air  -  Dead  space 


Both  of  these  formulae  were  applied  to  observations  on  a  number 
of  normal  individuals  and  on  cardiacs  in  varying  degrees  of  decompen- 
sation. Minute  volume  detenninations  were  made  as  in  the  previous 
experiments.  At  the  close  of  an  obBervation,  the  air  was  thoroughly 
mixed  in  the  spirometer  and  a  sample  was  taken  for  analysis.    Hiddane 
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samples  of  alveolar  air  were  taken  before  and  after  the  minute  volume 
detenuinations.  A  specimen  of  blood  was  drawn  from  an  arm  vein 
for  detenniDation  of  the  bicarbonates  in  the  plasma.  The  resultfi 
obtained  from  the  plasma  were  converted  into  terms  of  percentage  of 
alveolar  COt  according  to  the  method  of  Van  Slyke  (7). 

In  fonnula  II,  average  dead  space  values  were  employed  for  the 
calculation  of  the  probable  percentage  of  COi  in  alveolar  air.  The 
results  are  recorded  in  table  4  (column  6).  They  agree  closely  with 
the  results  of  direct  observation  by  the  Haldane  method  (column  7) 
and  consequently  in  the  decompensated  cardiac  lie  far  below  the  value 
indicated  by  the  plasma  (column  8). 

In  formula  I,  the  observed. alveolar  COi  per  cent  and  the  percentage 
indicated  by  the  plasma  have  been  applied  to  calculate  the  probable 
dead  space.  Substitution  of  the  observed  values  give  volumes  of  dead 
space  which  are  within  the  range  of  normal  (column  9)  while  substitu- 
tion of  percentages  indicated  by  the  plasma  give  decidedly  improbable 
results  (column  10). 

Formula  II  has  also  been  applied  to  Peabody's  figures.  Averages 
are  given  in  table  5. 


TABLES 

"'?.';»7^" 

■""?"«?«"" 

466 
3.35 

5.72 

Calculated  alveolar  CO,  per  cent  (using  dead 
space  of  180  cc.)* 

4.70 

*  Average  dead  apace  of  130  cc.  to  which  is  added  the  extra  dead  apace  of  50 
cc,  the  capacity  of  the  Siebe  Gonuan  mask. 

Both  in  Peabody's  figures  and  in  ours,  the  percentage  of  COj  in  the 
alveolar  air  is  lower  during  decompensation. 

DISCUSSION 

In  this  series  of  papers  the  question  of  the  concentration  of  CO* 
in  alveolar  air  during  cardiac  decompensation  has  been  approached 
from  several  angles.  Of  the  direct  methods,  that  of  Haldane  which 
has  been  found  applicable  to  dyspneic  patients  gives  values  for  alveolar 
COj  percentile  much  lower  than  it  does  in  normal  individuals.  DupU- 
cate  samples,  however,  show  quite  as  close  agreement  in  dyspneic 
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cardiacs  as  in  trained  normal  subjects.  Experiments  have  shown  that 
the  low  c<mtent  is  not  due  to  subjective  erron  nor  to  an  increased  dead 
space.  After  breathing  incieaaing  percentages  of  COi,  the  ahnedar 
COt  percoit^e  <A  dyspneic  cardiacs  is  still  relatively  lower  than  it  is 
in  normal  individualB  under  the  same  circimistances.  The  percentage, 
moreover,  is  not  increased  by  increaaiug  the  depth  of  expiration.  An 
expiratioD  of  maximum  depth  contains  no  greater  concentration  of  CO^ 
than  does  one  of  a  volume  just  sufficient  to  clear  the  dead  space. 
WbeUier  the  specimen  of  air  obtained  by  the  Haldane  method  is  from 
the  alveoU  or  from  other  portions  of  the  lungs  is  not  of  great  importanoe 
in  the  present  discussbn.  Whatever  the  anatomical  souroe  of  the 
sample  may  be,  it  is  the  only  air  which  by  the  greatest  effort  the  de- 
compensated cardiac  can  expire.  It  is  the  only  air  which  can  be  func- 
tionally effective  in  the  elimination  of  COi  from  the  body.  If  thia  is 
true  the  COi  contained  in  this  air  should  completely  account  for  the 
total  COi  elimination.  In  this  paper  it  has  been  shown  by  the  use  <rf 
Haldane's  dead  space  formula  that  the  percentage  of  COt  found  in  the 
Haldane  specimen  is  the  percentage  theoretically  required  to  account 
for  the  CX)i  eliminated. 

The  accumulated  evidence,  both  direct  and  circumstantial,  indicates 
that  the  percentage  of  COt  is  low  in  the  effective  air  of  dysfmeic  cardiac 
subjects.  The  cause  of  this  important  phenomenon  is  not  clearly 
understood.  Its  chief  importance  in  the  present  discusuon  Ues  in  its 
effect  upon  the  ventilation  in  cardiac  disease. 

A  low  percentage  of  COi  in  the  effective  air  necessitates  a  larger 
effective  ventilation  to  accomplish  COi  elimination.  Even  when  the 
metabolism  is  normal,  the  decompensated  cardiac  exhibits  hyperpnea. 
As  long  as  he  Ues  quietly  in  bed,  this  usually  involves  an  increase  in 
the  rate  of  respiration  with  little  or  no  change  in  the  volume  of  each 
respiration.  Under  these  circumstances  the  low  effective  lung  volume, 
which  is  the  constant  accompaniment  of  decompensation,  is  not  a 
factor  of  great  importance  in  the  causation  of  dyspnea.  It  probably 
exerts  a  greater  influence  during  conditions  involving  a  greater  pro- 
duction of  CO). 

Concerning  the  mechanism  of  ventilation  during  exercise,  we  have 
accumulated  no  direct  evidence.  A  good  indication  of  the  response 
is  furnished,  however,  by  experiments  upon  the  rebreathing  of  COt. 
Under  these  circumstances  the  cardiac  is  subjected  to  a  most  powerful 
stimulus  to  respiration.  The  mechanism  should,  by  analogy,  be  similar 
to  that  occurring  during  exercise  or  any  other  condition  invohing  a 
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r^id  production  of  COi  witius  the  body.  It  has  been  ^own  that 
the  cardiac  maintainB  a  relatively  low  alveolar  CC^  percentage  during 
rebreathing.  To  accomplish  this  he  must  breathe  a  larger  volume  of 
effective  air.  Under  the  stimulus  of  COi,  the  volume  of  the  tidal  (ur 
increases  both  in  cardiacs  and  in  normal  individuals.  The  increase, 
however,  is  in  proportion  to  the  vital  capacity.  In  both  groups  the 
tidal  air  reaches  a  maximum  at  one-third  to  one-half  of  the  voliune  of 
the  vital  capacity.  Thus,  a  normal  individual  with  an  original  vital 
capacity  of  4000  cc.  may  show  under  the  stimulus  of  COi  a  tidal  air  of 
1500  to  2000  cc.  In  a  decompensated  cardiac  whose  vital  capacity  may 
be  only  ISOO  cc.  the  tidal  air  will  not  rise  above  500  to  750  cc.  with 
maximum  COj  stimulation.  The  volume  of  respiration  is  strictly 
limited.  Any  attempt  to  increase  it  is  accompanied  by  marked  sub- 
jective dyspnea. 

Two  factors  in  cardiac  disease  help  to  explain  the  dyspnea  which  is 
its  most  constant  subjective  symptom.  The  low  percentage  of  COi 
in  the  effective  air  makes  an  increase  in  ventilation  essential.  The 
diminished  effective  lui^  volume  makes  any  large  increase  difficult 
or  impossible.  The  first  is  active  under  all  conditions  while  the  cardiac 
is  decompensated.  The  second  exerts  its  chief  influence  when  the 
production  of  COi  in  the  body  is  increased. 

CONCLUSIONS 

1.  Air  obtained  from  decompensated  cardiacs  by  the  Haldane  alveo- 
lar method  is  true  exchange  air.  It  corresponds  to  the  alveolar  air 
obtained  by  the  same  method  in  normal  resting  subjects.  It  is  the 
only  air  effective  for  the  elimination  of  CC^. 

2.  During  cardiac  djmpnea,  the  bicarbonate  content  of  the  plasma 
gives  no  indication  of  the  percentage  of  COi  in  the  exchange  air. 

3.  The  minute  volume  of  effective  or  exchange  air  is  increased  during 
cardiac  decompensation. 

4.  This  is  not  expluned  by  the  h^er  level  of  metabolism. 

5.  The  greater  effective  ventilation  is  necessitated  by  the  low  con- 
centration of  COt  in  the  exchange  air. 

6.  Great  increases  in  ventilation  are  impossible  because  of  the  di- 
minished ^ective  lung  volume  of  decompensated  cardiacs. 
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STUDIES  ON  THE  BRAIN  STEM 

1\.  On  the  Relation  op  the  CBBSBRix  Hbkisphebbb  and  Thalamus 
TO  AsTERUL  Blood  pREssmtE 


P.  T.  I 

From  tA«  HuU  PhytiiAogieal  Laboratory,  Vnivernty  of  Chieago 
Received  for  publication  August  9,  1920 

Iq  a  previous  report  (1)  attentioD  has  been  directed  to  the  poUdlo- 
thermous  ctrndition  that  follows  the  removal  of  the  cerebral  hemispheree 
and  thalamus  in  birds  aud  mammals.  In  an  attempt  to  discover  the 
causes  of  this  condition  it  was  suggested  that  possibly  a  general  fall 
of  arterial  blood  pressure  with  resulting  cutaneous  dilatation  of  the 
blood  vessels  might  be  an  essential  factor.  To  test  this  point  a  method 
was  devised  for  measuring  the  arterial  pressure  in  the  pigeon  and  studies 
of  the  blood  pressure  made  before  and  after  reduction  to  the  cold- 
blooded condition.  These  tests  did  not  give  the  anticipated  results 
but  led  to  the  discovery  that  the  removid  of  the  cerebral  hemispheres, 
which  alcme  does  not  reduce  the  bird  to  the  cold-blooded  condition, 
leads  to  a  permanent  slight  fall  in  arterial  tension.  The  plan  of  the 
work  was  therefore  extended  to  a  study  of  the  arterial  pressure  in  the 
normal  pigeon,  the  normal  variations,  effects  of  various  procedures  oa 
the  normal  pressure,  and  then,  the  effect  of  various  types  of  brain 
lesitms  on  the  arterial  pressure. 

Asher  (2)  in  his  review  of  the  vasomotor  mechanism,  in  1002  wrote: 
"There  are  no  known  facts  which  indicate  the  presence  of  vasomotor 
centers  in  the  parts  of  the  brun  above  the  medulla  oblongata.  The 
higher  cerebral  centers  inSuence  the  vasomotor  tone  exclusively  in  a 
reflex  manner  through  the  medullary  vasomotor  center."  This  inter- 
pretation is  based  on  the  original  experiments  of  Ludwig's  students, 
Dittmar  and  Owsjannikow.  These  classic  experiments  in  1872  and 
1873  demonstrated  the  localization  of  the  vasoconstrictor  centers  in 
the  floor  of  the  fourth  ventricle. 

Since  then  innumerable  studies  have  demonstrated  that  reflex  influ- 
ences from  the  cerebral  hemispheres  above  and  the  spinal  nerves  below 
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may  play  on  this  center.  (Literature  clt«d  by  Sacha.)  It  has  become 
common  knowledge  that  loss  of  the  cerebral  hemispheres  does  not  neoes- 
sarily  disturb  the  arterial  pressure  in  acute  experiments.  It  therefore 
came  somewhat  as  a  surprise  to  find  that  in  a  series  of  decerebrate 
birds,  kept  for  several  weeks  or  months  after  removal  of  the  cerebrum, 
the  arterial  pressure  was  uniformly  lower  than  in  normal  tnrds. 

Porter  showed  in  1907  that  in  curarized  rabbits  and  cats  removal  of 
the  cerebral  hemispheres  in  acute  experiments  leads  to  a  profound 
fall  in  the  blood  pressure  without  depression  of  the  reflex  excitability 
of  the  vasomotor  center. 

If  a  blood  pressure  tracing  be  made  on  a  dog  before  and  after  decere- 
bratifHi  by  Sherrington's  method,  it  is  frequently  found  that  the  preasuie 
is  somewhat  less  after  decerebration  than  before.  The  complicatioiu 
however  of  the  muscular  rigidity  that  follows,  render  difficult  the 
interpretation  of  the  effects  of  the  operation  oa  the  vasmnotor  center. 

All  these  experiments  are  acute  traumatic  experiments  subject  to 
all  the  uncertainties  of  shock  effects.  In  the  birds  many  of  these 
difficulties  can  be  obviated,  for  they  can  be  kept  alive  easily,  for  an 
indefinite  time  after  the  operation,  and  spastic  paralytic  {rfienomeiia 
are  wholly  lacking  provided  the  hemispheres  only  are  removed.  In 
the  pigeon  therefore  we  have  a  warm-blooded  animal  which  eaaly 
withstands  the  shock  of  cerebral  ablation,  lives  indefinitely  thereafter, 
and  in  which  the  permanent  effects  on  the  blood  pressure  can  be  studied. 

There  was  the  further  inducement  that  the  pigeon  in  comparison 
with  the  mammftlB  combines  a  relatively  low  type  of  cerebral  develop- 
ment with  the  wann-blooded  ccmdition  and  it  was  hoped  that  some 
light  would  be  thrown  on  the  nature  of  the  nervous  mechanism  of  heat 
regulation  in  its  earher  development. 

Methods.  The  measur^nents  of  arterial  pressure  were  at  firat  made 
in  the  ordinary  way  of  cannula  and  mercury  manometer.  It  was  aooa 
found  that  a  more  convenient  and  just  as  reliable  method  was  furnished 
by  subetitutii^  a  hypodermic  needle  for  the  cannula  and  this  method 
was  used  in  all  the  work  here  reported.  All  measurements  have  been 
made  on  the  brachial  artery  using  a  hypodermic  needle,  sise  19  or  20 
with  a  bore  of  about  1  mm.  diameter.  This  furnishes  a  tube  which 
when  inserted  into  the  artery  slightly  stretches  it  and  fits  ti^tly  enough 
to  allow  no  escape  of  blood.  (In  very  large  birds  it  may  be  Decenary 
to  use  a  lai^r  needle.)  This  was  connected  to  ao  ordinary  small  siw 
mercury  manometer  made  of  glass  tubing  4  mm.  in  diameter,  with 
stiff-walled  rubber  tubing.    In  order  to  avoid  any  errors  due  to  possible 
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mechanical  effects  of  friction  or  differences  in  level  between  the  bird 
and  the  level  of  the  mercury,  the  manometer  was  aet  in  a  fixed  position 
with  the  level  of  the  mercmy  in  the  plane  of  the  tip  of  the  breast  muscles 
when  the  bird  was  fastened  on  its  back.  The  same  manometer,  two 
needles  of  the  same  size,  and  the  same  size  and  length  of  rubber  con- 
nections, were  used  throughout  the  series.  Hence  any  mechanical 
errors  will  be  neariy  uniform  throughout  the  comparative  series  of 
pressure  determinations.  Clotting  of  the  blood  was  prevented  by 
using  7  per  cent  sodium  citrate  throughout  the  apparatus.  A  lesser 
concentration  was  not  always  satisfactory,  but  with  citrate  solution 
of  this  concentration  the  tracing  can  be  continued  indefinitely  through 
all  variations  of  blood  pressure  of  zero  to  200  mm.  When  the  needle 
was  removed  ftom  the  artery  the  blood  vessel  was  doubly  ligated.  This 
causes  no  apparent  trouble  to  the  bird,  so  the  collateral  cinnilation  must 
be  extensive.  Id  only  one  case  did  gangrene  follow  the  ligation  and  in 
this  case  the  ligature  involved  both  brachial  artery  and  vein.  All 
readings  were  made  with  the  birds  under  ether  anesthesia;  no  other 
drugs  were  used  in  this  study.  This  introduced,  of  course,  the  effects 
of  the  anesthetic  added  to  that  of  the  cerebral  lesion.  No  other  method 
however  seemed  available  for  it  is  important  that  there  be  no  struggles 
by  the  animal  as  these  will  promptly  change  the  level  of  the  arterial 
pressure.  In  order  to  check  these  variations  due  to  the  action  of  the 
anesthetic  the  routine  procedure  was  adopted  of  etherizing  the  bird, 
putting  it  on  its  back  with  wings  spread  and  the  needle  inserted  in 
the  artery.  The  pressure  was  then  raised  in  the  manometer  to  a  value 
a  little  lees  than  the  anticipated  pressure.  Some  care  was  necessary 
here  not  to  exceed  the  arterial  pressure  and  thereby  kill  the  bird  by 
forcing  citrate  into  the  circulation.  This  happened  twice  in  the  series 
of  experiments.  The  arterial  pressure  was  then  recorded  for  all  depths 
of  anesthesia,  varying  from  %ht  to  deep,  using  r^dity  as  an  index 
of  light,  and  abolition  of  the  corneal  reflex  as  index  of  deep  anesthe«a. 
The  readings  of  pressure  given  in  the  tables  are,  therefore,  those  of  the 
extreme  variations  under  anesthesia,  but  not  including  variations  due 
to  stru^es  of  the  animal.  In  many  cases  the  pressure  maintained 
a  nearly  constant  level  and  only  one  figure  is  given  in  such  cases. 

In  order  to  determine  whether  or  not  there  were  errors  due  to  pos- 
sible differences  in  size  of  the  arteries  of  the  two  wings,  readings  were 
made  on  a  series  of  birds  comparing  specifically  the  pressures  in  each 
of  the  two  brachial  arteries,  in  the  same  bird,  allowing  intervals  of 
several  days  between  determinatiohB,  during  which  time  the  birds 
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were  kept  confined  in  the  cages  used  throughout  the  seriea  of  experi- 
ments. These  readings  (table  5)  agree  cloeely.  Of  couise  in  the  ca«e 
of  specific  anatomical  anomalies  such  a  comparison  would  be  of  no 
value.  One  such  case  has  been  seen,  namely,  a  double  instead  of  a 
single  brachial  artery.    In  a  series  of  determinations  however  this 

TABLE  1 

Arterial  presiure  in  normal  pigeon* 
Anetlketia  variationM 


HUNBBB  or  riotOK 

AKTBUIL  rUWDU 

KDUIIBOrpiOIOH 

A>n»ui.nwMcu 

mm. 

■  M. 

4 

122-142 

190 

104-114 

114-118 

188 

04-120 

116-llS 

158 

110-130 

lSO-160 

156 

164-176 

122-132 

178 

92-140 

163 

IOS-142 

161 

78-130 

170 

136 

163 

106-116 

172 

103-118 

162 

106-106 

•      171 

135 

179 

122-ieO 

lis 

166 

100-110 

177 

06-108 

193 

06-98 

181 

92-108 

193 

06-102 

120-152 

]»« 

122-140 

iSS 

116 

194 

106-124 

161 

134-176 

196 

110-148 

182 

92-118 

196 

104-128 

184 

88-128 

150 

160-170 

183 

86-112 

104-120 

186 

102-118 

168 

122-144 

187 

90-110 

Avenge  pressure,  118  mm. 

Averftge  limits  of  variationa,  109-130  mm. 

The  figure  100  is  the  aTerage  of  all  the  lower  of  the  two  resdiap  given  for  the 
majoritj'of  the  animals.  Similarly  130  is  the  average  of  the  higher  reading  giTen. 
The  figure  118  is  the  average  of  these  extremes  combined  with  the  single  figure 
given  for  several  birds. 

factor  is  neutraliied  in  the  averages  given,  and  by  the  consideration 
that  the  arteries  of  both  wings  were  used  indiscriminately  throughout 
the  aeries  of  detenninations. 

Normal  Uood  pressure.  The  averts  arterial  blood  pressure  in  the 
brachial  artery  under  ether  anesthesia  of  thirty-nine  normal  adult 
pigeons  was  found  to  be  118  nun.  (table  1).    The  extreme  limite  for 
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all  stages  of  anesthesia  were  78  to  176  mm.    The  average  limits  for 
the  series  are  109  to  130  mm.  (fig.  1). 


Fig.  1.  Arterial  pressure  iD  normal  pigeons,  ether  anesthesia.  A:  Light  anes- 
thesia: :p-z  more  ether  given  so  as  to  put  bird  in  astateof  deep  anesthesia.  Time 
in  one  minute  intervals  B:  Traube-Hering  waves  in  pigeon  under  light  ane»- 
tbeaia.     Time  in  30  second  intervals. 

Note:  All  figures  of  blood  pressure  are  reduced  one-half,  except  figure  3,  whieh 
is  reduced  one-third.  A  true  scale  for  measuring  pressure  in  these  tracings  is 
given  in  figure  4. 

Mechanica]  stimulation  of  the  brachial  nerves,  ammonia  to  the 
nostrils,  and  asphyxia,  produced  the  usual  types  of  vasomotor  responses. 
The  effects  of  these  procedures  are  given  in  table  2  and  figures  2>and  3. 
Electric  stimulation  of  these  nerves  was  not  employed.  Medianical 
stimulation  of  the  nerves  by  pinching  with  forceps  or  traction  caused 
brisk  changes  in  arterial  pressure,  both  pressor  and  depressor  efieets. 
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A  lowering  of  blood  pressure  by  cardiac  inhibition  seemed  paiiiculuty 
easily  elicited  by  traction  of  the  brachial  nerves.  Traube-Hering  waves 
of  pressure  have  been  frequently  observed  as  also  have  been  the  ahcttter 
respiratory  waves  (fig.  1,  B). 


TABLE  z 
Varialiotu  of  arUrial  prNtwe  I'l 


mam  or  Ti» 

lATiom  or  rawD 

»nn»«»>» 

M;iiaER  or  notoif 

UUonbnuhW 

OCTTW* 

>H»trU*(riBin 
pnaora) 

«:sS/S:£., 

■>». 

mm. 

■UK. 

■n. 

110 

14 

24 

130 

34 

110 

40 

1S3 

126 

30 

168 

120 

« 

16 

24 

lag 

105 

22    , 

22 

178 

lis 

12 

179 

WO 

8 

26 

22 

ise 

164 

16 

16 

170 

110 

32 

*  This  ineludes  both  preaaor  and  depressor  effeote. 


TABLE  J 

AUODNT  or  Bl,OOB 

BtlonblMdinc 

ina 

ISft 

173 
155 

5 

1 

2 

150-170 

110 
130-150 

126-128 
102-118 
134-148 

The  removal  of  small  amounts  of  blood  leads  to  a  fall  followed  by 
quick  recovery  (table  3).  Thus  the  loss  of  1  to  2  cc.  of  blood  iii  the 
normal  pigeon  leads  to  a  fall  quickly  followed  by  compensatory  changes 
which  bring  the  pressure  back  to  normal.  The  loss  of  5  cc.  of  blood 
causes  much  more  profound  effects  but  in  ten  minutes  the  blood  pressure 
has  again  reached  the  average  level  although  below  the  previous  level 
in  the  same  bird  (pigeon  159,  table  3). 
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Fig,  2.  Blood  preosure,  nonnal  pigeona.  A:  1,  mechanical  Btimulfttion  of 
brachial  nerres;  i,  unmoiiia  vapors  to  nostrils.  B:  Deeper  anestbesia  than  in 
A.    1,  mechanical  stimulation  of  brachial  nerves;  i,  ammonia  to  noetrila;  V, 


Fig,  3.  Blood  preseure,  normal  pigeon.    Depressor  eSeots  following  mechani- 
cal stimulation  of  brachial  nerves. 
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The  effect  on  blood  pressure  of  deprivation  of  food — but  not  water — 
was  tested  on  four  birds.  These  birds  were  starved  for  four  to  eight 
days.  At  the  end  of  that  time  the  arterial  pressure  was  Donnal  in 
three  of  the  birds  and  slightly  lowered  in  one  of  them  (table  4).  The 
effects  of  confinement  were  tested  by  comparing  the  pressures  (A  three 
birds  which  had  been  in  the  laboratory  cages  for  over  a  year.  The 
average  pressure  of  these  birds  (six  determinations,  table  5)  was  115 
mm.  compared  with  the  average  pressure  of  1  IS  nmi. 

TABLE  « 
Influtnet  of  ttarvation  on  to'terial  preiture.    Cerebrum  intact 


„....™«,„,.. 

Anruu.  ruHi-Bii 

183 
ISI 
1S2 
164 

i0». 

7 

7 

* 

88-112 
104-114 
90-108 

ite-i3s 

80-66 
120-122 

95-98 
120-126 

Comparative  prtuurt  delermirudiont  in  the  two  brachial  arteriet  of  the  n 
(birda  have  been  in  laboratory/  cage*  for  one  year) 


»c-«,o,«.«,. 

""■  "^"ct""** 

.,0-T,.-0 

^-n-o 

193 

194 
195 

3 
3 
3 

96-96 
122-140 
104-128 

96-103 
106-124 
110-148 

Average  pressure  in  these  birds,  115  mm. 

By  this  series  of  determinations  of  arterial  pressure  on  thirty-nine 
normal  adult  |Hgeons  the  average  pressure  has  been  determined,  the 
normal  variations  noted,  and  the  effects  of  such  factors  as  anesthesia, 
starvation  and  the  routine  reflexes  observed.  Preliminary  to  the 
production  of  cerebral  lesions  it  was  important  to  note  whether  or  not 
the  loss  of  the  small  amount  of  blood  necessary  to  the  operation  would 
alter  the  level  of  the  arterial  pressure.  As  noted  in  table  3,  the  loss 
of  2  cc.  of  blood  is  so  quickly  compensated  for  as  to  justify  the  ecu- 
elusion  that  if  in  operating  not  more  than  2  cc.  is  tost  the  normal  level 
of  arterial  pressure  is  maintained. 
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Effects  of  decerebraiion,  A  description  of  the  varying  conditions 
that  follow  the  rranoval  of  the  hemispheres  or  hemispheres  and  thalamus, 
or  partial  lemons  of  both,  has  been  given  elsewhere  (7).  It  will  suffice 
here  to  state  that  the  classic  picture  of  decerebrate  behavior  in  the 
pigeon  is  obtained  only  if  the  thalamus  be  not  traumatised  in  the  process 
of  decerebrating  (8),  (d).  Thalamic  injury  is  associated  with  temper- 
ature disturbances,  with  the  behavior  of  the  animal  varying  as  its  body 
temperature  changes.  The  technique  of  decerebration  is  therefore 
important  in  a  comparative  series  of  studies  on  the  rdle  of  these  two 
parts  of  the  brain.  The  general  anatomy  of  this  region  of  the  br^n 
is  described  in  a  previous  paper  (1).  In  decerebrating  the  upper  part 
(rf  the  skull  above  the  cerebral  hemispheres  was  removed  taking  care 
not  to  puncture  the  dura  mater.  After  a  little  practice  this  is  easily 
done.  A  bridge  of  bone  over  the  very  small  lon^tudinal  »nus  was 
left  intact  so  as  to  diminish  bleeding  and  to  serve  as  a  support  for  the 
ekin  after  removal  of  the  brain  substance.  The  dura  was  then  cut 
loi^tudinally  and  reflected,  the  anterior  cerebral  arteries  were  cauter- 
ized and  the  hemispheres  removed  in  toto.  In  this  way  the  operation 
can  be  completed  with  the  loss  of  less  than  1  cc.  of  blood.  If  more 
than  2  cc.  of  blood  was  lost  in  operating  it  is  indicated  in  the  history 
of  the  animals.  If  the  thalamus  was  to  be  destroyed,  this  was  done 
with  an  electro-cautery,  after  removal  of  the  hemispheres.  The 
autopsy  findings  in  the  brain  with  histolo^c  description  of  the  parts 
of  the  brain  remaining  after  recovery  from  this  type  of  injury  have 
been  described  in  the  preceding  report  to  which  reference  has  been 
made  (7). 

It  is  conmion  knowledge  that  the  removal  of  the  hemispberefi  some- 
times leads  to  a  slight  immediate  fall  in  blood  pressure  which  has  been 
attributed  to  shock,  hemorrhage,  mechanical  stimulation,  etc.  The 
same  effect  b  true  of  the  pigeon.  In  order  to  avoid  these  acute  effects, 
the  birds  have  been  kept  for  time  intervals  of  one  week  to  four  months 
after  decerebration  before  the  arterial  pressure  was  measured  (table 
6  and  fig.  4).  These  studies  have  been  carried  out  on  fifteen  pigeoDB, 
allowing  time  intervals  for  recovery  from  any  acute  shock  effects. 
In  ten  of  these  birds  the  arterial  pressure  was  measured  before  decere- 
bration; in  five  this  was  not  dcme.  For  the  latter  animals  some  indi- 
cation of  the  change  in  pressure  may  be  gathered  by  comparing  with 
the  average  normal  arterial  pressure  value  given  above. 

The  average  pressure  after  decerebration,  thalamus  being  left  intact, 
allowing  three  to  seventy-five  days  for  recoverj',  in  fifteen  pigeons,  was 
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found  to  be  99  mm.,  in  comparison  with  the  average  prewure  in  thirty- 
nine  nonnal  pigeons,  of  118  mm.  This  reduction  seems  to  be  uniform 
and  constant,  and  continues  for  months  after  loss  of  the  hemisf^res. 
It  is  not  due  to  loss  of  blood  at  the  time  of  decerebrstion  for  the  amount 
■  of  blood  lost  was  so  alight  that  cianpensation  quickly  occuts  in  the 
normal  animal.    It  is  not  due  to  failure  of  compensation  in  the  deoere- 

TABLE  S 

Effeeti  on  arterial  prftmre  o/  removing  ike  cerebral  htmitpherea,  thalamM*  not 
Iraumaiised 


ACnUAl.  FMUIUU 

HDVBtR 

"^"'* 

Bcton 

tlon 

After 
(ioa 

■■""" 

iif 

■•■>. 

■■■>. 

179 

5 

120 

102 

178 

5 

120-144 

120 

Good  oondition 

US 

R 

154-176 

96-112 

158 

8 

10S-12S 

96-110 

Good  ooadition 

168 

16 

118-124 

92-120 

Good  condition 

106 

76 

96-108 

Good  condition 

155 

3 

126-136 

96-98 

Good  condition 

166 

16 

120-122 

104-114 

Good  condition 

167 

5 

116-124 

96-102 

Good  condition 

152 

19 

82-98 

90-05 

Good  condition 

162 

3 

io*-ioe 

88-94 

Good  condition 

157 

S 

80-84 

Good  condition 

116 

11 

86-90 

Good  oondition 

21 

96 

Good  oondition 

6 

87 

Good  condition 

*  The  words  "time  for  recovery"  indicate  the  time  interval  elapsing  betwan 
the  removal  of  the  cerebral  hemispheres  and  the  finsl  blood  pressora  det«rmini- 
tions.  The  words  "good  condition"  indicate  that  the  bird  exhibited  no  skeletal 
musole  inoofirdination,  body  temperature  wsB  normsl,  feathers  fiulfed  in  the 
chanctoristic  decerebrate  manner  and  the  bird  exhibited  decerebrate  restlcM- 
neas.  Any  variation  from  these  eharacteristio  effects  usually  indicate  thalamic 
or  medullary  disturttanoes  or  incomplete  decerebration. 

brated  bird,  for  when  pressure  tracings  were  made  allowing  the  Mood 
to  force  the  mercury  from  the  zero  level,  it  rises  to  the  level  of  arterial 
pressure  as  quickly  in  the  operated  birds  as  in  the  normal  ones.  (Com- 
pare figs.  5  and  8  A.)  With  decerebration  plus  thalamic  lesions,  slower 
compensation  may  be  a  factor  (see  below).  This  fall  in  [Hvesure  is 
not  due  to  mere  disturbances  of  food  supply  for,  as  tested  in  nmmal 
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birds  (table  4),  complete  starvation  for  periods  of  three  to  eight  days 
did  not  cause  greater  variations  in  pressure  than  the  normal  anesthesia 
variations.    It  mi^t  be  due  to  one  or  more  of  the  following  factors. 


Fig.  4.  Blood  pressure,  pigeon  162:  A:  before,  and  £.'  eight  days  after  removal 
of  the  cerebral  hemispheres.  Thalamus  intact  and  body  temperature  normal. 
Time  in  30  seoond  intervals.  B:  x,  ammonia  to  nostrils;  b,  mechanical  Simula- 
tion of  brachial  nerrea. 


Pig.  5.  Blood  pressure,  pigeon  158,  eight  days  after  decerebration.  A :  ammo- 
nia to  Dostrils;  X:  mechanical  stimulation  of  brachial  nerves,  repeated  three 
times.  There  was  no  preliminary  increase  in  pressure  in  manometer  before  mak- 
ing this  tracing,  so  the  mercury  was  forced  up  from  the  lero  line  wholly  by  the 
arterial  pressure. 

First,  metabolic  depresmon  following  loss  of  the  hemispheres  associated 
with  decreased  activity  of  the  animal;  or  second,  loss  of  a  tonic  activity 
of  the  hemispheres  on  the  vasoconstrictor  centers;  or  possibly  due  to 
dei»-e8sed  skeletal  muscle  tone  with  resulting  capillary  dilatation. 
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Id  order  to  test  the  first  of  these  poesibiUtiee  the  blood  pressure  det«r- 
nuDatioDs  were  made  on  a  nonnal  pigeon  before  and  after  blinding  and 
Btarvati(Ht.  Blinding  the  bird  by  exciflion  of  the  eyee  brings  about  a 
condition  of  quiet  and  lessened  muscular  activity  that  simulates  that 
of  decerebration.  The  combination  of  starvation  for  four  days  asso- 
ciated with  this  inactivity  of  blindness  did  not  lower  the  average  arterial 
pressure  (see  table  4,  pigeon  164).  Of  course  prolonged  starvation 
for  a  long  period  of  time  will  alter  the  pressure,  witness  pigeon  1S3, 
table  4,  and  pigeon  188,  table  9.  Inasmuch  as  all  decerebrate  birds 
were  fed  by  hand  and  kept  in  as  good  condition  as  possible,  it  seemed 
that  one  week  of  absolute  starvation  would  represent  as  great  a  meta>- 
bolic  disturbance  as  might  be  induced  by  loss  of  the  hemispheres.  The 
result  of  this  test  therefore  suggested  that  the  fall  in  arterial  pressure 
is  due  to  the  loss  of  reflex  or  tonic  influences  from  the  cerebrum  on  some 
part  of  the  blood  pressure  regulating  mechanism. 

In  the  decerebrate  pigeon,  thalamus  not  traumatised,  the  usual  types 
of  vasomotor  reflexes  may  be  elicited  by  stimulation  of  spinal  nerves, 
anuQonia,  etc.  (fig.  5).    Asphyxia  produces  the  usual  rise  in  pressure. 

Decer^ation  with  deatruclion  of  the  ihakmue.  Combined  decere- 
bration and  thalamic  cauterization  abolishes  the  ability  to  maintain 
and  regulate  the  normal  body  temperature  of  the  pigeon  (39°  to  41^.). 
As  stated  in  the  introduction,  it  was  thought  that  possibly  this  condition 
mi^t  be  due  to  a  generalized  fall  in  blood  pressure.  Aa  is  evident 
from  table  8,  this  is  not  the  case.  If  the  body  temperature  of  such  a 
bird  is  kept  near  the  normal  level  by  keeping  the  bird  in  an  incubator 
at  30°C.  the  arterial  pressure  of  such  a  bird  is  very  near  the  pressure 
of  the  warm-blooded  decerebrate  pigeon.  Thus  the  average  values  of 
blood  pressure,  decerebrate  pigeons  (body  temperature  normal)  and 
decerebrate-thalamic  destruction  (cold-blooded  animals)  are  as  follows: 
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"■^^" 

■ODT  TIH- 
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Norm&l 

3B 
14 

7 

7 
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39-41 
3»-41 
34-41 
28-33 
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It  is  conclusively  evident  from  this  table  that  the  loss  of  temperature 
regulation  is  not  due  primarily  to  a  lowered  arterial  pressure,  but  that 
the  changes  of  arterial  pressure  are  secondary  to  the  body  temperature 
changes.  As  the  body  temperature  rises  or  falls  the  blood  pressure 
does  likewise  (table  8  and  %.  6).  To  this  rule  one  exception  was  found, 
pigeon  174.  In  this  animal  the  pressure  did  not  fall  as  the  body  temper- 
ature feilj  but  acted  in  an  inverse  manner.  Attempts  were  made  to 
duplicate  this  but  were  unsuccessful.  This  was  a  bird  in  which  the 
operation  of  decerebration  was  associated  with  much  bleeding.  The 
writer  is  inclined  to  attribute  the  high  arterial  pressure  in  this  bird 
to  a  possible  intracranial  pressure  complication  or  incomplete  destruc- 
tion of  the  thalamus. 


Fig.  6.  Blood  pressure  in  pigeon  191.  PoikilothermouB  bird;  decerebrate  and 
thalamiu  destroyed.  A:  Bodj  temperature  of  pigeon,  35°C.  B:  Body  temper- 
ature of  pigeon,  28°C.    x,  mechanical  stimulation  of  brachial  nerves. 

In  the  poikilotbermous  pigeon  the  vasomotor  reflexes  vary  in  intensity 
as  the  body  temperature  varies  (figs.  6  and  7).  Both  pressor  and  de- 
pressor effects  were  obtwned  by  stimulation  of  the  brachial  nerves. 
As  the  body  temperature  falls  the  pressor  reflexes  particularly  decrease 
in  intensity.  The  depressor  effects  seemed  to  be  due  to  cardiac  inhibi- 
tion and  were  present  at  low  body  temperatures  at  which  the  pressor 
effects  were  very  much  reduced  (compare  figs.  6  and  7).  Ammonia  to 
the  nostrils  caused  a  rise  in  pressure  which  is  associated  with  respiratory 
distress.  This  effect  was  present  at  all  body  temperatures  tested  (28° 
to  41°C,),  but  was  more  sluggish  at  lower  temperatures  than  at  normal 
.  body  temperature  (compare  figs.  5, 7  and  8). 
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Arterial  prttsure  in  pigeona  rendtrtd  poikilolhermout  by  dMtrwctMMi  of 
and  (Aolomu* 


or 
noioH 

DATE 

,-oc„..o 

tMcattn 

Toaa 

i:s^ 

i«n 

•c. 

mm. 

191 

June  22 
June  28 
June  28 

Operation 
Blood  prenure 
Blood  pressure 

6 
6 

SB 
35 
28 

n 

175 

March    9 
March  14 

Operation 
Blood  preBBure 

1  p.m. 

6  p.m. 

5 
S 

39 

36 
28 

102-106 

174 

March  5 
March  10 

Operation,  much  bleeding 
Blood  pressifte 

2  p.m. 

4  p.m. 

6  p.m. 

S 
6 

40 

34 
31 
29 

121 

124 

124-1» 

114 

February  7 
February  22 
March  8 
March  13 

Operation 
Blood  preaaure 
Blood  pressure 
Bird  dead 

16 
29 

39 
29 

41 

92 
8S 

„3( 

February    7 
February  20 

Operation 
Blood  pressure 

13 

3 
28 

92 

Operation 

3 

29 

78 

Operation 

29 

41 

85 

176 

Mareh    9 
March  12 
March  13 

Operation 
Blood  presaure 
Dead 

3 

39 
29 

76 

^{ 

March  18 
March  29 

Operation,  much  bleeding 
Blood  pressure 

11 

39 
34 

102-108 

160 

March  1 
March  4 

Blood  pressure  tracing,  fol- 
lowed   by    operation    on 
brain 

Blood  pressure 

3 

39 
31 

100-110 
72-76 

Body  temperatures  of  the  operated  birds  fixed  by  varying  the  temperature*  of 
bird  cages. 

Average  arterial  pressure— body  temperature  34r-41''C. — was  99  mm. 
Average  arterial  pressure— body  temperature  28-3!°C. — was  87  mm. 
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Compensation  after  loss  of  a  small  amoimt  of  hlood  occurs  more  and 
more  slowly  as  the  body  temperature  is  more  and  more  depressed 
(fig.  8),  In  this  figure  the  pressure  in  the  manometer  was  at  zero 
when  the  artery  was  connected  with  it.  The  slow  rise  to  the  level  of 
arterial  pressure  is  in  marked  contrast  to  the  qtiick  ascent  and  main- 
tenance of  level  in  the  normal  bird. 

Effects  of  localized  iesiorw.  The  major  part  of  the  cerebral  cortex 
had  been  destroyed  by  electro-cauterization  in  three  birds  a  year  pre- 


Effecuo 

n  arterial  pressure  of  removing  one  ce 

F.a'o» 

..„ 

,.<„„,.„ 

rSlVil 

„..™ 

■•m. 

190    ' 

June  10 
June  23 

Blood  preasure  then 

operation 
Blood  pressure 

98-118 
90-122 

Bird  in  good  condition— 
eata  and  drinks 

-1 

June  8 
June  23 

Blood  pressure  then 
operation 
Blood  pressure 

92-102 
80-06 

Emaciated,  does  not  «at 

186 

May  25 
Junes 

Blood  pressure  then 
Blood  pressure 

100-118 
108-120 

Oood  condition,  eats  and 
drinks 

187 

MayZS 
June? 
June  9 

operation 
Bird  dead  of  starvation 

94-110 
82-92 

Poor  condition,  does  not 
eat 

vious  to  the  determination  of  arterial  pressure.  All  of  these  birds 
gave  normal  blood  pressure  values  (table  10). 

In  one  pigeon  both  occipital  poles  of  the  cerebral  hemispheres  wen- 
removed  and  the  dorso-median  part  of  the  thalamus  cauterized  without 
severii^  the  forebrain  bundles.  Four  months  later  the  arterial  pressure 
in  this  bird  was  normal  (pigeon  118,  table  10). 

In  one  bird  extensive  cerebellar  traumatism  was  done  a  year  before 
the  blood  pressure  determination.  The  bird  regained  its  ability  to 
coordinate  its  muscle  activities  in  the  usual  way.     Blood  pressure 
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determinatioD  in  this  bird  showed  a  lower  arterial  tension  (pigeon  193, 
table  10).     At  autopsy  the  bird  was  found  to  be  tubercular. 

In  a  series  of  four  birds  the  right  cerebral  hemisphere  only  was 
removed  {table  9).  After  this  operation  some  birds  promptly  recover 
and  in  a  few  days  feed  themselves  in  a  normal  way.     The  principal 

TABLE  10 
ArUrial  preaaurt  after  miitor  bratTi  Itttona 


■™«. 

— 

.„..„„ 

tTtrewAL 

— ■ 

».. 

118 

April  28 
August  28 

Oocipital  cortex  re- 
moved; thalamus 
cauterised 

Blood  pressure  trac- 
ing 

120 

Bird  in  good  condi- 
tion 

72    < 

August  17, 1918 
July  3,  1920 

Cortes  cerebri  cau- 
terised 

Blood  pressure  trac- 
ing 

122-140 

Bird  in  good  condi- 
tion 

73    ■ 

Auguat  17,  1918 
Juljr  3,  1920 

teriied 
Blood  pressure  trac- 
ing 

104-148 

Bird  in  good  condi- 
tion 

62 

February  10,  1919 
July  3,  1920 

Cortes  cerebri  cau- 
terised 

Blood  pressure  trac- 
ing 

102-124 

1S3 

May  IS,  1919 
July  6,  1920 

Gross     traumatism 
of  cerebellum 

Bird     recovered. 
Blood       pressure 

,  tracing 

96-102 

Bird  is  tubercular 

ob%iou8  disturbance  in  such  an  animal  is  complete  blindness  (at  least 
temporarily)  of  the  opposite  eye.  In  some  cases  these  birds  go  into  a 
condition  resembling  complete  decerebration  (probably  due  to  vascular 
disturbances  in  the  remaining  hemisphere).  These  animals  will  not 
feed  themselves,  assume  a  decerebrate  attitude  and  die  of  starvation 
unless  fed  by  hand.     In  this  series  of  four  birds  two  recovered  and  two 
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died  of  starvation.  The  blood  pressure  readings  in  the  two  tHcda  that 
recovered  were  normal.  The  combination  of  bemi-decerebration  and 
starvation  led  to  lower  blood  pressure. 

It  was  found,  therefore,  that  no  localized  cerebral  or  thfUamic  iigary 
led  to  pennsnent  depression  of  the  arterial  pressure.  Comirfete  km 
of  either  bemispherea,  or  hemispheres  and  thalamus,  leads  to  distinct 
arterial  depression. 

Artifiaal  atimvlaiion  of  cereal  cortex.  £3ectric  stimulation  of  the 
cortex  of  the  cerebral  hemispheres  gave  a  slight  rise  in  blood  pressure 
with  no  movements  of  the  skeletal  muscle.  Stimulation  was  done 
under  light  ether  anesthesia.  Stimulation  of  the  thalamus  causes  a 
sharp  rise  in  arterial  pressure,  but  also  leads  to  muscular  activity. 
Whether  this  rise  ia  a  true  vasomotor  reaction  or  a  mechanical  one  due 
to  striated  muscle  contraction  was  not  determined,  but  Sachs  and  othen 
have  shown  that  vasomotor  reflexes  are  readily  induced  by  artificial 
stimulation  of  the  thalamic  nuclei. 

DI8CCS8ION 

The  results  given  above  lead  to  the  suggestion  that  the  cerebral 
hemispheres  exert  a  continuous  tonic  activity  on  the  mechanism 
whereby  arterial  pressure  is  maintained.  Whether  this  be  throu{^ 
the  vasomotor,  skeletal  or  some  other  systems  individually  or  combined 
is  not  determined.  Porter's  findings  on  curarized  decerebrate  rabtnts 
indicate  a  tonic  action  on  the  vasoconstrictor  centers.  The  relative^ 
slight  influence  of  the  cerebral  hemispheres  on  the  skeletal  muscle  of 
the  pigeon'  suggests  that  in  this  case  lowered  blood  pressure  is  also 
due  to  a  loss  of  vasomotor  tone  rather  than  to  changes  in  the  skeletal 
muscle. 

The  possibility  of  a  depression  of  arterial  pressure  due  to  unknown 
changes  in  metabolism,  ^ter  loss  of  the  cerebrum,  can  not  at  presmt 
be  excluded.  Some  evidence  has  been  presented  that  this  alone  is  not 
sufficient  to  bring  about  the  vascular  changes  described,  witness  the 
n^ative  effects  of  starvation,  inactivity,  etc.  These  experiments 
however  do  not  conclusively  exclude  a  contributing  metabolic  factor 

'  There  are  oo  cortical  motor  pointe  in  the  cerebral  hemispheres  of  the  pifeos 
except  possibly  for  the  eye  (Ferrier).  Electric  stimulation  of  the  expoeed  cortex 
in  the  uaaneathetiied  pigeon  causee  no  muscular  movements.  Removal  of  the 
hemiipheres  likeviae  leads  to  no  paralysia.  These  Facts  auggoat  that  the  fall  in 
arterial  pressure  is  not  due  to  secondary  changes  in  skeletal  muscle. 
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after  braiB  injury.  Further  studies  in  metabolism  after  cerebral  lesions 
must  be  made  in  spite  of  the  negative  results  reported  by  various 
observers. 

However  this  may  be,  the  inference  can  not  be  avoided  that  any 
functional  depression  of  the  cerebral  hemispheres  should  be  followed 
by  lowered  arterial  tension.  This  might  be  due  to  sleep,  anesthesia 
or  destruction  (provided  there  be  no  increase  in  intracranial  pressure). 
Certainly  there  are  differences  in  detail  of  the  mechanisms  in  each  case 
but  it  is  noteworthy  that  in  each  case  of  cerebral  depression  there  is 
lowered  arterial  pressure.  No  localized  cerebral  vasomotor  centers 
are  postulated.  Indeed  localized  injuries  of  either  hemispheres  or 
thalamus  caused  no  change  of  arterial  pressure.  The  lowering  of 
arterial  pressure  described  follows  the  loss  of  lai^  amounts  of  cerebral 
substance  rather  than  the  loss  of  particular  areas  of  the  hemispheres 
or  thalamus.  To  this  extent,  this  report  reaffirms  for  the  vasomotor 
mechanism,  the  old  teaching  of  Floureos  that,  in  the  bird,  the  effects 
of  cerebral  injury  are  due  not  to  the  loss  of  local  centers  but  are  pro- 
portional to  the  quantity  of  br^n  tissue  rendered  non-functional. 

SUUHART 

A  method  is  described  for  studying  the  blood  pressure  in  the  pigeon. 

The  average  pressure  in  the  brachial  artery  of  thirty-nine  normal 
adult  pigeons,  under  ether  anesthesia,  was  118  mm.  mercury.  The 
average  limits  of  variations,  due  to  variations  in  anesthesia,  were  109 
to  130  mm.  Pressor  and  depressor  effects  on  the  blood  pressure  may 
be  readily  induced  by  stimulation  of  the  spinal  nerves.  Ammonia  to 
the  nostrils  causes  a  sharp  rise  in  blood  pressure.  Respiratory  waves 
and  Traube-Hering  waves  of  blood  pressure  occur  as  in  mammals. 
The  loss  of  small  quantities  of  blood  is  quickly  followed  by  compen- 
satory changes  bringing  the  pressure  back  to  normal. 

Starvation  for  three  to  seven  days  does  not  appreciably  alter  the 
pressure  in  normal  birds. 

Removal  of  the  cerebral  hemispheres  in  fifteen  birds  led  to  a  fall  of 
the  average  arterial  pressure  to  99  mm.  (loss  of  17  per  cent).  This 
lowered  pressure  persisted  for  time  intervals  up  to  four  months  after 
decerebration  and  never  regained  the  level  before  operation.  Removal 
of  the  cerebral  hemispheres  and  thalamus  leads  to  a  similar  or  greater 
fall  in  arterial  pressure  varying  as  the  body  temperature  varies.  The 
greater  the  fall  in  body  temperature,  the  greater  the  depression  of  the 
arterial  pressure. 
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The  poikilothermous  condition  in  the  bird,  folloning  excision  of  the 
thalamus,  is  not  primarily  due  to  lowered  arterial  pressure. 

In  the  pigeon  rendered  poikilothermous  by  combined  decerebration 
and  destruction  of  the  thalamus,  the  vasomotor  responses  to  mechanical 
stimulation  of  spinal  nerves,  ammonia  to  the  nostrils,  and  compensator)- 
recovery  of  pressure  aft«r  slight  hemorrhages,  are  all  depressed  or  lake 
place  more  slowly,  varying  with  the  depression  of  body  temperature. 

The  arterial  pressure  is  not  appreciably  disturbed  by  removal  of  a 
single  cerebral  hemisphere,  localized  lesions  of  both  hemispheres,  or 
locaUzed  thalamic  lesion  (without  cerebral  destruction)  provided  these 
injuries  are  nci  associated  with  starvation. 

These  experiments  suggest  that  the  cerebral  hemispheres  and  thala- 
mus exert  a  continuous  tonic  stimulating  action  on  the  subcortical 
blood  pressure  regulating  mechanism.  This  action  is  not  one  of  local- 
ized cerebral  centers  but  varies  according  to  the  amount  of  brain 
substance  destroyed,  rather  than  the  particular  area  destroyed, 
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The  accuracy  with  which  the  metabolism  of  cold-blooded  animals 
can  be  regulated  through  the  temperature  was  one  of  the  reasons  for 
the  attempt  to  produce  diabetes  in  them  at  the  outset  of  this  investi- 
gation. When  the  production  of  a  satisfactory  type  of  diabetes  proved 
impossible,  the  research  was  thrown  back  entirely  upon  mammahan 
experiments,  where  the  disturbing  factors  are  greater.  Some  obser- 
vations were  made  concerning  the  effects  of  fever  and  of  external  cold. 

No  discussion  of  the  literature  will  be  undertaken,  beyond  reference 
to  a  review  (1)  of  the  earlier  literature,  and  a  more  recent  paper  by 
Freund  and  Marchand  (2),  which  show  that  elevation  of  body  temper- 
ature is  generally  accompanied  by  elevation  of  blood  sugar,  but  terminal 
collapse  may  be  accompanied  by  hypoglycemia;  the  rise  of  body  temper- 
ature in  itself  tends  to  increase  sugar  tolerance,  and  lowered  tolerance 
or  glycosuria  are  attributable  to  intoxication  or  sometimes  to  pancreatic 
dfunage.  Infections  are  known  to  be  one  of  the  worst  agencies  in 
a^ravating  human  diabetes.  The  effect  of  aseptic  elevation  of  temper- 
ature seems  not  to  have  been  tested.  It  was  desired  in  the  present  re- 
search to  compare  several  forms  of  infectious  and  non-infectious  fever 
in  their  influence  upon  partially  depancreatized  dogs.  The  only  results 
actually  permitted  by  circumstances  consisted  in  records  of  a  number 
of  animals  which  acquired  chance  infections,  and  one  research  concern- 
ing the  gas  bacillus.  The  observations  will  be  classified  according  to 
the  site  of  the  infections. 

>  The  first  four  papers  of  this  series  are  published  ia  the  Americaa  Journal  of 
the  Medical  Sciences. 
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Distemper.  For  this  purpose  canine  distemper  is  closely  comparabte 
to  human  tuberculoBis.  Diabetes  plainly  increases  the  susceptibility 
of  dogs  and  still  more  of  puppies  to  this  infection,  in  the  sense  that  tb^ 
both  acquire  it  and  succumb  to  it  more  easily.  Tuberculosis  seriousty 
lowers  the  food  tolerance  and  increafies  the  tendency  to  glycosuria 
and  hyperglycemia  in  human  patients  even  in  the  earlier  Don4ebriIe 
stages,  and  this  effect  becomes  still  greater  in  the  febrile  stage.  Id 
numerous  observations  in  dogs  covering  all  stages  of  distemper  and  aU 
degrees  of  diabetic  tendency,  precisely  the  opposite  effect  has  been 
found.  It  is  true  that  distemper  is  characterized  by  early  failure  of 
appetite  and  digestion.  The  resulting  emaciation  constitutes  a  very 
radical  undernutrition  treatment,  and  a  similarity  thus  exists  to  Joslin's 
frequently  quoted  Case  R  (3),  in  which  the  emaciation  of  tuherculosiB 
on  a  r^ulated  diabetic  diet  evidently  improved  the  assimilation.  But 
the  infection  has  been  observed  in  dogs  with  definitely  known  tolerance, 
which  continued  for  some  time  to  take  a  diet  close  to  the  limits  of 
tolerance.  There  have  been  other  examples  such  as  dog  C3-77,  1  year 
old,  weighing  10.5  kilos,  and  subjected  on  April  13, 1916,  to  the  removal 
of  all  but  iV  to  ^  of  the  pancreas  (estimated  remnant  1  gram).*  Glyco- 
suria began  immediately  and  by  April  17  had  reached  2.9  per  cent,  fast- 
ing. It  then  ceased  as  the  Srst  signs  of  distemper  appeared  in  the  fonn 
of  coi^unctivitis.  The  dog  refused  food  and  wasted  away  in  the  usual 
manner  till  killed  on  May  7,  at  a  weight  of  6.3  kilos.  The  pancreas 
renmant  weighed  1.35  grams.  The  islands  showed  very  slight  vacuo- 
lation  in  a  few  cells,  sucl)  as  might  persist  from  the  initial  glycosuria, 
but  far  less  than  would  result  from  3  weeks  of  active  diabetes.  The 
remnant  was  so  small  and  the  diabetic  tendency  bo  strong  that  sugar- 
freedom  on  fasting  would  have  been  impossible  if  the  infection  had 
introduced  any  aggravation,  but  the  result  seemed  to  be  identical  nith 
that  in  a  non-infected  animal. 

Pneumtmia.  Dog  B2-18,  after  removal  of  \l  of  the  pancreas  on 
December  2,  developed  moderate  glycosuria  on  diets  containing  carbo- 
hydrate, in  a  cold  environment.  December  6  the  dog  was  foimd  to  be 
unwell  and  febrile,  but  continued  to  eat  the  diet  through  the  illness  to 
December  9,  and  the  glycosuria  continued  unchanged.  Death  occurred 
from  double  pneumonia  on  December  13.  The  autopsy  urine  contained 
1.65  per  cent  sugar.  The  vacuolation  in  the  pancreatic  islands  was 
similar  to  that  of  non-infected  dogs  at  the  same  stage. 

*  .\]I  operatioDS  were  performed  uoder  etber  Anesthesia.  ' 
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Dog  C3-73  similarly  underwent  operation  leavii^  A  to  1*1  of  the 
pancreas  on  April  3,  and  died  of  pneumonia  on  April  18.  The  final 
urine  on  April  17  contained  heavy  sugar,  but  death  was  apparently 
preceded  by  anuria. 

Dog  D4-72  was  left  with  a  remnant  of  i  to  j\  of  the  pancreas  on 
January  12,  and  died  of  pneumonia  on  January  19.  The  appetite 
continued  and  the  glycosuria  was  not  appreciably  changed  with  the 
onset  of  fever.  Nothing  was  eaten  after  January  17.  The  autopsy 
urine  still  contained  a  trace  of  sugar.  There  was  thus  a  diminution 
resembling  the  effect  of  ordinary  fasting,  not  the  great  increase  which 
usually  accompanies  infection  in  any  severe  human  case. 

Cat  Al-93  was  left  with  a  remnant  of  i  to  J  of  the  pancreas  on  January 
21,  and  died  of  pneumonia  on  January  26.  Because  of  refusal  of  food, 
there  was  only  a  transitory  trace  of  glycoeuiia,  as  would  be  the  case 
in  a  non-infected  cat  fasting  after  such  an  operation. 

Other  examples  mi^t  be  given  in  which  infection  failed  to  cause 
glycosuria  when  the  removal  of  pancreatic  tissue  was  not  quite  sufficient 
to  produce  it  in  a  non-infected  animal,  and  still  others  in  which  extreme 
prostration  prevented  glycosuria  which  must  otherwise  have  occurred. 
In  no  instance  was  any  evidence  of  a^ravation  of  diabetes  seen. 

Pleurisy.  Dog  B2-22  had  been  used  in  another  department  for 
collection  of  leukocytes  by  intrapleural  injections,  and  on  December 
8,  t's  of  the  pancreas  was  removed  without  knowledge  of  the  existence 
of  a  large  purulent  pleurisy.  Fever,  malaise  and  other  symptoms  were 
found  after  the  operation.  The  dog  ate  small  quantities  of  bread  and 
milk  on  December  9  and  10,  and  glycosuria  of  2  to  3  per  cent  continued 
to  December  12.  Death  occurred  with  sugar-free  urine  on  December 
13. 

Subcutaneous  abscesses.  In  connection  with  subcutaneous  injections 
and  other  procedures  a  considerable  number  of  abscesses  have  been 
observed  in  dogs  with  various  degrees  of  diabetic  tendency.  The 
infections  themselves  have  been  of  varying  magnitude,  from  small 
collections  causing  no  systemic  symptoms  to  latge  ones  accompanied 
by  depression,  anorexia  and  fever  above  105°F.  The  organisms  present 
were  sometimes  identified  as  staphylococci,  streptococci  or  mixed 
bacilli.  The  same  rule  held  as  above,  namely,  that  glycosuria  might 
cease  with  fasting  and  prostration,  or  in  less  extreme  cases  might  con- 
tinue unchanged,  but  a  marked  ^gravation  such  as  is  familiar  in  human 
cases  was  never  seen. 
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Infected  gUmda.  Dog  D4-92  on  February  5,  1917,  was  subjected  to 
rctnoval  of  aU  but  J  to  i  of  the  pancreas.  Bread  and  soup  were  eaten  cm 
February  8,  and  100  grams  glucose  added  on  February  9,  still  without 
glycosuria.  Thereafter  nothing  was  eaten  and  remarkable  Bymptoms 
of  confusion  and  ataxia  appeared,  increasing  on  February  12  to  general 
convulsions  find  suggesting  rabies.  The  dog  was  chloroformed  on 
February  13,  and  the  brain  examination  was  negative  for  meningitis 
or  Negri  bodies.  The  autopsy  otherwise  was  negative  except  for  a 
little  creamy  pus  found  oozii^  from  between  the  pectoral  muscles, 
leading  to  caseous-appearing  glands  in  and  about  both  axillae.  The 
type  or  origin  of  the  infection  was  not  determined,  Glycoauria 
remained  absent. 

Rabies.  Several  partially  depancreatized  dogs  died  of  rabies.  One 
of  these  was  dog  B2-02,  which,  as  previously  mentioned  (4),  had  been 
carefully  studied  and  was  known  to  have  latent  diabetes.  No  glycosuria 
resulted  in  any  instance.  The  negative  results  were  of  interest  in  a 
condition  attended  with  such  pronounced  nervous  excitation,  and  in 
which  convulsions  may  give  rise  to  very  marked  hyperglycemia  (5). 

General  periUmitis.  This  naturally  involves  cessation  of  glycosuria 
in  most  cases  because  of  fasting  and  prostration.  With  sufficiently 
large  experience,  examples  are  encountered  which  indicate  that  the 
infection  in  itself  does  not  alter  the  glycosuria.  Some  such  were  de- 
scribed previously  (6),  and  the  following  have  been  observed  since. 

Dog  B2-13 .  November  24,  1913,  removal  of  {\  of  pancreas.  There  «m  Rlyco* 
suria  of  0.25  per  cent  in  flO  cc.  of  urine  following  operation,  and  0.2  per  cent  in  330 
cc.  after  eating  150  grams  meat  on  November 27.  Otherwise  there  was  fasting  and 
freedom  from  glycosuria  up  to  death  from  peritonitis  on  November  29. 

Dog  B2-21.  December  4,  1913,  partial  pancreatectomy  leaving  a  remnant  of 
1*1  to  Vi .  After  bread  feeding  on  December  S,  heavy  glycosuria  began,  and  con- 
tinued to  death  from  peritonjtia  on  December  11.  Bread  was  eaten  daily  to 
December  9.  The  autopsy  urine  vas  100  cc,  with  2.85  per  cent  glucose.  The 
pancreatic  islands  showed  the  slight  vacuolation  proper  to  this  early  stage  of 
diabetes. 

Cat  A1-S2.  December  19,  1913,  removal  of  }  of  pancreas.  The  cat  refuted 
food  but  acted  well  and  cleaned  her  fur  up  to  December  22,  and  died  of  perito- 
nitis December  23.  Glycosuria  began  with  a  faint  reaction  on  Decemt>er21,  row 
to  2.5  per  cent  on  December  22,  and  was  4  per  cent  in  the  last  53  cc,  of  urine  on 
December  23.  The  pancreatic  islands  showed  incipient  vacuolation  in  a  minority 
of  cells. 

Cat  Al-87.  January  8,  1914,  removal  of  i  of  pancreas.  There  was  sli^t 
continuous  glycosuria  with  very  little  eating  from  January  9  to  death  from  peri- 
tonitis on  January  12.  The  islands  were  free  from  visible  vacuolation,  as  would 
be  expected  in  a  nou-infected  animal  with  such  brief  and  mild  diabetes. 
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Periioneal  and  pancreatic  (Ascessea.  In  addition  to  previous  examples 
(6),  the  following  may  be  mentioned. 

Dog  IM-eS.  December  21,  1916,  an  Eck  fistula  was  unsucceasfully  attempted, 
and  Bome  sutures  were  left  on  the  veins.  Januaiy  2,  1917,  iV  of  the  pancreas 
was  removed.  The  dog  was  lively  and  immediately  developed  glycosuria  on  bread 
feeding.  This  ceased  on  January  8,  and  was  restored  by  addition  of  100  grams 
glucose  daily.  On  January  10  emaciation,  fever  and  weakness  first  became 
noticeable,  but  the  diet  was  still  eaten  without  change  in  the  heavy  glycosuria. 
With  a  change  of  diet  to  1  kilo  of  beef  lung  on  January  12  glycosuria  immediately 
ceased.  Beginning  January  14  food  was  refused,  and  the  dog  was  killed  January 
15,  at  a  weight  of  9.8  kilos  as  opposed  to  an  original  13.5  kilos.  A  grape-sized 
abscess  of  creamy  pus  at  the  site  of  the  Eck  operation  was  the  only  discoverable 
cause  of  death.  It  had  not  altered  the  course  of  the  diabetes  from  what  is  the 
rule  with  non-infected  dogs  under  the  same  conditions. 

Dog  D4-57.  December  7,  1916,  removal  of  *  of  the  pancreas.  The  usual  com- 
plete absence  of  diabetes  was  demonstrated  thereafter.  March  1,  1017,  addi- 
tional tissue  was  removed,  possibly  sufficient  formild  diabetes.  Malaise,  fever 
and  complete  refusal  of  food  followed.  Glycosuria  was  absent  on  March  2,  3  and 
4,  but  present  just  before  death  on  March  5  to  theextent  of  O.Sper  cent  in  182  cc. 
of  urine.  The  plasma  sugar  at  this  time  was  0.625  per  cent,  COi  capacity  69.2 
vol.  per  cent.  Autopsy  showed  the  pancreas  remnant  to  be  riddled  with  small 
abscesses,  and  though  there  was  no  necrosis  the  inflammatory  injury  had  evi- 
dently brought  on  a  severe  degree  of  diabetes  which  would  otherwise  have  been 
lacking.  Infection  has  never  been  found  to  produce  acetonuria  or  other  evidences 
of  acidosis  in  any  animal. 

Dog  Ffl-14  was  subjected  to  removal  of  about  i  of  the  pancreas  in  three  succes- 
sive operations.  January  31,  191S,  an  attempt  was  made  to  produce  diabetes 
by  circulatory  stasis  of  the  remnant,  as  described  in  a  later  paper.  Only  slight 
and  transitory  glycosuria  resulted  on  a  diet  of  bread  and  soup  with  100  grams 
glucose.  February  8,  operation  showed  an  abscess  containing  about  5  cc.  of 
creamy  pus  between  the  pancreas  and  the  duodenum.  The  cavity  was  cleaned 
and  stasis  repeated.  Glycosuria  was  still  impossible  to  maintain,  and  on  March 
9  stasis  was  applied  for  a  still  longer  time,  no  infection  being  found.  Glycosuria 
was  then  continuous  up  to  March  19  on  bread  diet  with  100  grams  of  glucose,  but 
ceased  then  on  plain  bread  and  soup  feeding.  March  20  the  abdomen  was  again 
opened,  and  the  pancreas  was  found  buried  in  a  large  mass  of  adhesions,  which 
when  delivered  outside  and  opened  was  found  to  contain  a  very  large  abscess. 
The  pancreas  remnant,  which  in  its  whole  length  formed  one  wall  of  the  abscess, 
was  much  inflamed  but  not  digested.  Nothing  was  done  except  the  cleaning  up 
of  the  infection,  and  the  tolerance  continued  exactly  as  before;  i.e.,  glycosuria 
was  absent  on  bread  feeding  and  present  with  addition  of  100  grams  of  glucose. 
On  April  10  the  abdomen  was  again  opened,  and  a  tiny  abscess  in  the  omentum 
appeared  as  the  only  remains  of  the  previous  infection.  Stasis  was  again  applied 
to  the  pancreas  remnant,  and  the  dog  died  within  24  hours,  whether  from  infec- 
tion or  from  pancreatic  intoxication  was  undetermined. 
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The  long  history  of  thia  animal,  with  alternate  preseDce  and  abeence 
of  a  low  grade  infection,  seems  to  prove  that  in  this  instance  the  infec- 
tion had  no  important  influence  upon  the  tolerance. 

Other  examples  of  this  sort  might  be  given.  There  viae  particular 
interest  in  the  cases  in  which  diabetes  was  produced  by  inflammation 
instead  of  by  simple  resection,  because  of  the  supposed  closer  imitation 
of  the  clinical  etioli^y.  It  was  conceivable  that  ioflammation  might 
damage  the  islands  in  function  as  well  as  in  structure,  so  as  to  render 
them  more  susceptible  to  toxic  influences.  The  negative  results  raised 
a  question  concerning  sorae  fundamental  difference  between  clinical 
and  experimental  diabetes,  or  a  mere  difference  of  constitutional  reaction 
to  infection  on  the  part  of  man  and  animals.  The  above  general  obser- 
vations sufficed  positively  to  exclude  any  such  marked  aggravation  of 
diabetes  in  animals  as  occurs  regularly  in  human  cases  with  the  fe\'er 
and  intoxication  accompanying  infection.  Here  remained  the  need 
of  making  a  more  exact  test  of  the  tolerance  in  experimental  diabetes 
as  influenced  by  infection,  and  this  opportunity  was  afforded  by  the 
experiments  with  the  gas  bacillus  reported  in  the  next  pt^wr.  These 
seemed  to  indicate  that  the  difference  between  clinical  and  the  experi- 
mental diabetes  may  be  one  of  degree  rather  than  of  kind. 

CONCLUSIONS 

1.  The  serious  aggravation  of  diabetes,  which  occurs  almost  in\-ari- 
ably  in  human  cases  in  the  form  of  a  strongly  increased  tendency  to 
glycosuria  and  acidosis,  is  never  seen  in  dogs.  Even  when  the  infection 
is  an  abscess  borderii^  or  invading  the  pancreatic  tissue,  no  influence 
is  evident  beyond  that  explainable  by  direct  injury  of  parenchyma. 
Thia  contrast  between  clinical  and  experimental  diabetes  is  very  marked, 
but  according  to  the  more  exact  tolerance  tests  in  the  succeeding  paper 
it  may  represent  a  difference  of  degree  rather  than  of  kind. 

2.  Infection  and  fever  have  also  no  specific  influence  in  dimiTiiahing 
the  diabetic  tendency  of  dogs.  Care  is  necessary  in  interpreting  such 
observations,  in  order  not  to  confuse  the  direct  influence  of  fever  or 
infection  with  the  consequences  of  fasting  or  prostration,  which  tend 
so  strongly  to  suppress  glycosiuia  in  dogs.  One  suggestion  of  a  con- 
stitutional difference  between  species  may  be  foimd  in  the  tendency 
of  human  patients  to  acidosis  and  of  dogs  to  cachexia. 

3.  The  a^ravation  of  human  diabetes  is  a  reaction  to  intoxication 
rather  than  to  fever,  as  shown  by  its  occurrence  in  the  afebrile  stage 
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of  tuberculosis  and  by  other  evidence.  The  present  observations  con- 
cerning infectious  fever,  with  the  previous  ones  concerning  the  pyrexia 
of  exercise  in  dogs,  prove  that  no  specific  aggravation  of  diabetes  or 
lowering  of  tolerance  results  from  the  metabolic  alteration  attendant 
upon  elevation  of  body  tranperature  in  experimental  animals. 
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In  the  course  of  this  diabetic  research  four  dogs  died  of  gas  bacillus 
infection.  Two  of  these  iustiuices  were  merely  post-operative  peri- 
tonitis, with  the  gas  bacillus  predominating. 

Another  was  dog  E5-74,  a  bulldog  mongrel,  aged  5  years,  in  splendid 
condition,  weighing  20.7  kilos.  July  3, 1917,  two-thirds  of  the  pancre&s 
were  removed,  and  most  of  the  remnant  was  cut  off  from  duct  communi- 
cation.' On  July  20,  the  remnant  was  subjected  to  circulatory  stasis 
for  Ij  hours.  Glycosuria  was  present  on  bread  diet  with  addition  of 
150  grams  of  glucose  daily  up  to  July  30,  when  it  ceased,  and  the  dog 
was  turned  loose  in  the  yard  with  other  dogs  on  bread  diet.  The 
behavior  meantime  was  normal.  About  August  5,  swelling  in  the  neck 
l>ecame  noticeable  and  the  dog  was  slightly  depressed.  August  7,  the 
swelling  was  much  larger,  and  a  deep  abscess  was  opened  surgically, 
releasing  a  considerable  quantity  of  thick  bloody  pus  containing  gas 
bubbles.  Cultures  from  sgme  of  the  necrotic  debris  gave  a  pure  growth 
of  B.  aerogenes  capsulatus.  Death  occurred  August  9,  after  still 
greater  invasion  of  the  neck.  There  was  no  glycosuria  or  vacuolation 
of  pancreatic  islands,  though  both  these  conditions  might  have  been 
prevented  by  the  terminal  emaciation  and  cachexia. 

Dog  B2-49,  a  female  mongrel  ^ed  3  years,  in  medium  nutrition 
at  a  weight  of  25.4  kilos,  imdern'ent  partitil  pancreatectomy  on  March 
27,  1914,  leaving  a  remnant  of  }  to  J  about  the  main  duct.  As  pre- 
viously mentioned  (1),  prolonged  carbohydrate  over-feeding  was  used 
in  the  attempt  to  break  down  tolerance,  300  or  400  grams  glucose 

>  AH  operationa  were  performed  under  ether  anestheaU. 
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being  added  to  the  diet  of  bread  and  soup  daily.  There  was  neither 
glycosuria,  diarrhea  nor  any  evident  ill-health,  until  the  animal  was 
unexpectedly  found  dead  on  May  9.  There  were  adhesions  in  the 
right  pleura,  from  supposedly  sterile  intrapleural  injections  in  another 
department  long  before  the  animal  was  taken  for  diabetic  work,  and 
these  probably  furnished  the  start  of  the  infection.  Gas  bacilli  were, 
found  abundantly  in  smears  and  cultures  from  the  principal  viscera, 
aeemingly  alone.  The  greatest  change  was  in  the  spleen,  which  waa 
blown  up  to  resemble  a  limg.  The  pancreas  remnant  was  normal  and 
free  from  vacuolation.  In  other  words,  neither  the  prolonged  si^ar 
feeding  nor  the  infection  produced  any  change  in  either  islands  op 
acini  in  this  non-diabetic  animal. 

A  study  of  gas  bacillus  infections  was  in  progress  at  this  time  under 
the  direction  of  Dr.  Carroll  G.  Bull.  As  gas  bacillus  infections  are 
rare  in  dogs,  it  was  decided  to  follow  up  the  above  accidental  obser- 
vations by  experiments  upon  diabetic  dogs  with  a  view  to  two  questions; 
first,  whether  such  animals  are  abnormally  susceptible  to  such  infections 
by  reason  either  of  the  excess  of  circulating  sugar  or  a  specific  diabetic 
lowering  of  resistance;  second,  whether  an  aggravation  of  the  diabetes 
is  demonstrable  by  such  infections.  The  conditions  were  favorable 
for  both  problems;  for  the  first  problem  because  the  growth  of  the  gas 
bacillus  is  notably  favored  by  the  presence  of  sugar,  and  some  test  waa 
thus  afforded  of  the  theory  of  excess  of  sugar  as  the  cause  of  diabetic 
susceptibility  to  infection;  for  the  second  problem  because  of  the  proof 
(2)  of  the  production  of  a  soluble  toxin  by  the  gas  bacillus,  so  that  a 
systemic  effect  capable  of  influencing  the  diabetes  might  be  expected 
from  a  local  infection.  Accordingly  experiments  with  intramuscular 
injections  of  pure  cultures  of  the  Welch  bacillus  were  performed  upon 
three  diabetic  dogs.  The  dosage  used  was  intended  to  produce  the 
maximum  possible  local  effects  and  general  intoxication  without  exces- 
sive prostration.  Still  larger  doses  might  have  overwhelmed  the  ani- 
mals suddenly  and  completely,  but  would  thus  have  demonstrated 
nothing  of  value  for  either  bacteriology  or  diabetes. 

In  the  first  experiment  (table  1)  glycosuria  practically  ceased  with 
the  anorexia  accompanying  infection  on  September  12,  as  usual  with 
dogs  and  in  contrast  to  the  usual  aggravation  of  symptoms  in  human 
patients  with  infection.  Nevertheless  a  lowering  of  toleraiice  was  shown 
by  the  heavier  glycosuria  when  the  diet  was  taken  on  September  13* 
Illness  and  fasting  again  resulted  in  sugar  freedom  after  the  injection  of 
September  14,  but  a  more  marked  lowering  of  tolerance  was  evident  in 
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TABLE  t 

Dog  E5-88.  Male;  Welih  terrier  moDcrel;  old  but  itrong,  in  exeellrat  notri* 
tion;  weight  11J2S  kilos.  August  24, 1917,  removal  of  pSDcreatio  tiatue  weigbitig 
IS  grains.  Remnant  about  main  duct  estimated  at  1.6  grams  {fy  to  ^).  Tlw 
diabetes  was  checked  by  undemutritioo  and  fasting,  so  that  at  the  time  of  the 
experiments  the  dog  weighed  9.5  kilos  and  took  a  bread  and  soup  diet  with  Tei7 
slight  glyoosuris. 
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the  glycosuria  from  meat  alone  on  September  22  and  23,  and  the  heavier 
glycoBuria  thereaft«r  on  the  regular  bread  diet. 

Dog  ESSS.  Male;  moDgrel;  age  3  or  4  yeara;  good  condition;  weight  14  kilos. 
August  24,  1917,  removal  of  pancreatic  tissue  weighing  25  grams.  Remnant 
about  main  duct  estimated  at  1.6  gram  {fy  to  A)-  Severe  diabetes  being  thus 
produced,  the  glycosuria  was  raised  to  a  maximum  by  a  diet  of  bread  and  soup 
with  100  grams  of  glucose  daily. 

September  7,  at  a  weight  of  12.6  kilos,  0.25  gram  additional  pancreatic  tissue 
was  removed  for  microscopic  examination. 

September  14,  at  the  same  weight,  0.1  cc.  broth  culture  of  Welch  bacillus  per 
kilo  was  injected  intraperitoneally,  in  order  to  t«st  whether  under  these  condi- 
tions of  maximum  glycosuria  and  hyperglycemia  infection  would  be  possible. 
The  rectal  temperature  rose  within  an  hour  to  3g.4°C.  After  6  hours  it  was 
39.S°,  and  the  next  morning  39.6°.  It  then  subsided,  and  after  oue  day  of  slight 
malaise  the  dog  continued  to  eat  his  diet.  The  glycosuria  continued  unchanged 
except  for  a  diminution  on  the  one  day  of  anorexia. 

September  24,  an  injection  of  0.3  cc.  of  broth  culture  per  kilo  was  given  intra- 
muscularly in  one  thigh.  The  usual  local  and  general  symptoms  occurred  in 
intense  form.  September  29,  with  very  large  swelling  and  gas  formation  present 
in  the  leg,  a  blood  culture  was  taken  and  proved  negative.  The  dog  regained  a 
little  appetite,  taking  small  amounts  of  meat  and  bread  daily,  but  great  anemia 
was  shown  by  blood  examinations,  the  corpuscle  volume  being  only  10  to  12  per 
cent.  Death  occurred  October  5.  Glycosuria  remained  heavy '  throughout, 
including  the  autopsy  urine.  The  gross  autopsy  showed  no  visceral  changes  sug- 
gestive of  gas  bacillus  invasion.  Cultures  of  blood  and  tissues  were  also  negative 
for  this  organism. 

The  pancreas  remnant,  normal  in  appearance  and  consistency,  weighed  1.7 
grams.  Microscopically,  the  tissue  removed  August  7  showed  a  very  early  stage 
of  vacuolation  of  islands.  The  remnant  at  autopsy  showed  a  late  stage  of  the 
process;  islands  were  scarce  and  smalt,  and  the  great  majority  of  the  celts  (proba- 
bly all  of  the  beta  cells)  were  maximally  vacuolated. 

In  this  experiment  the  production  of  a  general  infection  with  the 
gas  bacillus  proved  impossible  notwithstanding  the  severe  diabetes 
and  intense  glycosuria.  The  intraperitoneal  injection  failed  entirely. 
.  The  intramuscular  injection  caused  extensive  sloughing  which  destroyed 
most  of  the  musculature  of  the  Umb,  but  death  resulted  only  from  the 
immediate  and  subsequent  toxic  effects  and  not  from  systemic  invasion. 

Do^  E5-9Q.  Male;  mongrel,  age  3  or  4  years;  medium  nutrition;  weight  10.25 
kilos.  August  24,  1917,  removal  of  pancreatic  tissue  weighing  20.3  grams.  Rem- 
nant about  main  duct  estimated  at  1.6  gram  {ft  to  Vi).  On  bread  diet  there  was 
a  diminishing  glycosuria  which  ceased  August  31,  probably  because  of  hypertro- 
phy of  the  pancreas  remnant,  which  subsequently  at  autopsy  was  found  to  weigh 
5.4  grams.  Beginning  September  S  the  addition  of  100  grams  glucose  restored  a 
heavy  glycosuria,  and  the  tolerance  was  brought  down  so  as  to  produce  a  perma- 
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Dent  mild  diabetes.  During  October  sugar  freedom  was  maiDtained  on  a  diet 
of  500  grams  lung  and  100  grams  suet,  except  for  occasional  days  on  which  it  was 
proved  that  bread  and  soup  diet  would  promptly  bring  back  a  mild  glycosuria. 

October  25,  an  intravenous  glucose  tolerance  test  was  performed,  by  injection 
of  25  cc.  of  10  per  cent  aolution  of  Merck  anhydrous  glucose  every  15  minutes 
(1  gram  per  kilo  per  hour,  on  ID  kilos  weight)  for  3  hours,  according  to  the  method 
described  elsewhere  (3).  Catheteri cation  was  performed  and  blood  samples 
taken  before  the  first  injeotion  and  at  hourly  intervals  thereafter  as  shown  in 
table  2. 

October  26,  4  cc.  of  a  heavy  broth  culture  of  the  Welch  bacillus  were  Injected 
intramuscularly  tn  the  right  thigh.  The  rectal  temperature  rose  to  41.l°Cithat 
evening  and  was  39.6°  the  nest  morning.  The  dog  refused  food  and  there  was  no 
glycosuria.  By  October  31  there  was  partial  recovery  and  part  of  the  diet  was 
eaten.    The  weight  had  fallen  from  10  kilos  to  9.75. 
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November  1,  an  intravenous  glucQse  test  was  performed,  identical  with  the 
dosage  on  October  25.  A  lowering  of  tolerance  was  indicated  by  both  the  blood 
and  urine  analyses. 

November  14,  4  co.  of  the  gas  bacillus  culture  were  injected  in  the  other  thigh. 
Iiocal  edema,  gas  formation  and  necrosis  occurred  as  before,  but  the  general 
symptoms  were  less.  The  temperature  on  the  morning  of  November  15  wu 
38.8.  The  dog  ate  well  and  showed  a  spontaneous  glycosuria  of  2.15  per  cent  in 
340  cc.  urine.  The  following  day  it  was  0.48  per  cent  in  530  cc.  urine,  and  then 
disappeared. 

Later  the  dog  was  unwell  and  ate  poorly,  probably  on  account  of  secondary 
infection  of  the  sloughing  area  in  the  leg.  No  further  glycosuria  developed,  nnd 
by  December  18  the  animal  was  again  in  good  general  health  at  a  weight  of  10 
kilos,  though  a  large  open  ulcer  was  still  present. 

December  18,  the  animal  was  given  the  same  intravenous  glucose  injections  as 
before.  A  reduced  tolerance  was  still  indicated,  either  because  of  the  ulcer  or 
because  the  lowering  due  to  infection  was  permanent,  as  it  is  in  many  human 
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An  accidental  or  spontaneous  fall  of  tolerance  is  probably  excluded  by  the 
fact  that  the  dog  was  kept  on  the  lung  and  auet  diet  till  March  27  without  glyco* 
auria.  He  was  then  used  for  other  experiments,  and  no  further  tolerance  test 
was  made. 

CONCLUSIONS 

1.  Intramuscular  injections  of  pure  cultures  of  B.  aerogenes  capsu- 
latus  produced  local  necrosis  and  gas  formation  in  partially  depan- 
creatized  diabetic  dogs.  Systemic  or  peritoneal  infection  was  not 
obtained.  The  observations  failed  to  indicate  any  lowering  of  resistance 
in  these  animals  due  either  to  the  diabetes  itself  or  to  the  excess  of 
sugar  in  the  body  fluids.  The  latter  point  is  further  emphasized  by 
the  fact  that  the  reactions  were  essentially  similar  in  the  first  dog  with 
mild  glycosuria,  in  the  second  dog  with  heavy  glycosuria,  and  in  the 
third  d<^  free  from  glycosuria.  These  results  agree  with  the  general 
experience  that  such  animals  ordinarily  bear  operations  well  and  their 
wounds  heal  normally. 

2.  A  lowering  of  tolerance  by  infection  was  demonstrable  both  by 
feeding  and  by  intravenous  glucose  tests.  Though  this  influence  is 
less  in  animab  than  in  human  patients,  the  difference  seems  to  be  one 
of  degree  rather  than  of  kind. 
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The  marked  loes  <^  body  temperature  is  one  of  the  moet  atrikiiig 
features  of  traumatic  shock.  To  study  this,  as  well  as  to  investigate 
the  relationfihips  of  metabolism  and  ventilation  to  the  sudden  changes 
in  bk)od  pressure,  was  the  purpose  of  these  experiments.  The  problem 
was  approached  through  the  gaseous  exsbange. 

The  literature  upon  this  subject  is  veiy  meager.  Guthrie  (1), 
reported  no  consistent  findings  In  either  Oi  absorption  or  COj  output 
with  animals  xmder  ether  anesthesia.  Henderson,  Prince  and  Hag- 
gard (2),  in  a  preliminaiy  note,  mention  a  marked  drop  in  metabolism 
in  two  dogs  in  shock,  but  give  no  details  of  experiments.  Roaf  (3), 
working  on  decerebrate  cats,  states  that  his  experiments  tend  to  show 
that  fall  of  blood  pressure  does  not  markedly  reduce  the  production  of 
CO,. 

Methods.  Cats  were  used  that  had  not  eaten  for  24  hours.  They 
were  anesthetized  by  yre^^e  given  by  mouth,  S  cc.  of  a  25  per  omt 
solution  per  kilo  of  body  wei^t,  and  only  when  fully  aneetfaetised 
were  they  stretched  out  on  an  animal  board.  The  temperature  was 
recorded  through  a  rectal  thermometer  graduated  to  tenths,  and  was 
kept  as  nearly  constant  as  possible  by  means  of  an  electric  heating  pad. 

The  operation  consisted  of  inserting  a  trachea  cannula  and  cannulae 
in  two  arteries,  usually  both  carotids,  and  also  usually  one  in  the 
-external  jugular  vein.  One  carotid  cannula  was  then  attached  to 
a  mercury  manometer  and  blood  pressure  tracings  begun.  In  some 
experiments  10  cc,  of  arterial  blood  were  now  removed;  in  most  cases 
blood  was  taken  only  after  several  respiration  samples  had  been 
obtained. 
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The  inspired  air  was  room  air.  The  samples  of  expired  air  were 
obtained  in  two  8-liter  copper  spirometers.  The  valves  used  were 
Tissot  valves,  attached  directly  on  the  T-shaped  glass  tracheal  can- 
nula. The  air  sample  was  promptly  withdrawn  from  the  spirometer 
and  preserved  ^mder  pressure  in  the  usual  type  of  glass  samplii^  tube. 
Gas  analyses  were  made  in  the  Haldane  apparatus,  and  careful  checks 
of  room  air  were  made  before  samples  were  analyzed.  Urinary  nitro- 
gen determinations  were  not  made  (4). 
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Fig.  1.  Vent.  =  Ventilation  volume  per  minute  in  100  cc. 
Cal.  =  Total  calories  per  hour. 
R.  Q.  =  ReBpiratory  quotient. 

Xajiroduce  ^ock  the  thigh  muscles  of  bpth_  hind  legs  were  thor- 
oughly crushed  (5).  When  the  blood  pressure  fell  below  70  mm.  Hg. 
s^tohc  and  stayed  below  that  level,  the  animal  was  considered  to  be 
in  a  state  of  shock.  No  attempt  was  made  to  measure  blood  flow,  as 
all  extra  manipulation  was  r^dly  avoided. 
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The  experiments  may  be  grouped  as  follows: 

I.  Normal  controls.     Table  1. 

II.  The  simple  traimiatizing  of  muscle  tissue  and  the  study  of  respi- 
ratory metabolism  before  and  after  the  resulting  drop  in  blood  pres- 
sure.    Tables  3  and  4. 

III.  The  production  of  traumatic  shock  and  the  subsequent  raisinK 
of  the  blood  pressure  by  transfusion  with  cat's  blood.     Table  5. 

IV.  The  effect  on  metabolism  of  hemorrhage  when  it  alone  caused  a 
marked  fall  of  pressure.     Table  2. 

V.  The  production  of  a  low  blood  pressure  without  shock  by  increas- 
ing pericardial  pressure.    Table  6. 

Discussion.  Table  1  shows  that  the  metabolism  following  urethane 
anesthesia  when  given  by  mouth  remains  quite  constant  for  4J  hours 
at  least.  It  may  then  fall  to  a  lower  level.  Raeder  (6)  kept  rabbits 
alive  for  over  3  days  by  administering  urethane  subcutaneouslj'.  He 
came  to  the  conclusion  that  the  total  metabolism  fell  only  about  2 
per  cent  an  hour,  and  that  it  was  a  satisfactory  anesthetic  to  use  in 
studying  respiratory  metabolism. 

The  level  of  the  basal  metabolism  during  shock  has  fallen  in  all 
but  one  case  below  the  value  found  before  the  muscles  were  crushed. 
Id  six  cases  of  mild  shock  (table  3)  the  average  reduction  in  calories 
was  —19  per  cent,  and  in  eight  cases  of  severe  experimental  shock 
{tables  4  and  5)  the  average  fall  was  —30  per  cent.  This  average 
does  not  include  experiment  LIII  in  which  the  metabolism  rose.  Like- 
wise in  five  experiments  in  which  pericardial  pressure  was  increased 
{table  6)  and  the  blood  pressure  so  reduced,  there  was  a  prompt  drop 
{fig.  2)  to  an  average  of  —31  per  cent  below  the  former  height.  In 
general  the  "critical  level"  of  blood  pressure  for  the  metabolism,  as 
with  the  development  of  diminished  alkaline  reserve,  is  at  75  or  80  mm. 
Hg.  At  that  level  the  metabolism  may  be  within  normal  limits  or  it 
may  be  considerably  reduced.  Usually  when  a  normal  value  is  found, 
the  blood  pressure  has  been  stationary  or  rising;  but  when  the  meta- 
bolism figures  are  reduced  the  blood  pressure  is  falling.  With  a  pres- 
sure below  75  mm.  Hg.,  the  calorie  production  has,  with  but  one  excep- 
tion, been  reduced. 

While  the  reduced  blood  pressure  undoubtedly  has  a  great  deal  to 
do  with  the  fall  of  metabolism,  it  is  probably  not  the  whole  stoiy. 
Experiment  XXXIV,  table  2,  shows  that  a  low  blood  pressure,  follow- 
ing hemorrhage  alone,  may  be  associated  with  only  a  slight  drop  in 
metabolism.     With  a  blood  pressure  of  55  to  62  mm.  Hg.  immediately 
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after  bleeding  the  metabolism  was  only  — 10  per  cent;  and  in  the  third 
period,  although  the  rising  blood  pressure  had  been  below  80  mm.  Hg. 
for  45  minutes,  the  metabolism  was  only  —  1  per  cent.  So  also  in  the 
last  period  after  the  pressure  had  been  50  mm.  Hg.  for  20  minutes, 
but  was  rapidly  rising  at  the  time  the  period  was  taken,  the  metabolism 
was  only  —7  per  cent. 


Fig.  2.  Vent.  =  Ventilation  volume  per  minute.  The  figure  should  be 
multiplied  by  ten. 

There  are  also  examples  of  blood  pressures  above  the  critical  level 
associated  with  reduced  metabolism.  In  experiment  XXXIII,  table 
2,  the  second  period  shows  a  sudden  drop  of  22  per  cent  in  metabolism 
20  minutes  after  bleeding  15  cc,  while  later  a  return  to  normal  limits 
occurred  even  though  muscle  injury  was  done.  This  bleeding  only 
caused  an  immediate  drop  in  blood  pressure  from  110  to  90  mm.  Hg., 
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and  at  the  time  of  observation  the  blood  preseure  was  95.  It  was, 
however,  not  rising.  In  experiment  XXX,  t^!e  3,  where  blood  pres- 
sure fell  from  170  to  108  mm.  Hg.  after  severe  trauma,  the  metabolism 
still  fell  14  per  cent  and  29  per  cent;  and  in  experiment  XXXI,  table  3, 
even  though  blood  pressure  after  trauma  was  85,  the  heat  production 
was  reduced  — 21  percentand  —24  percent.  The  temperature  in  these 
last  two  experiments,  however,  was  not  satisfactory.  Likewise  in 
experiment  XXXII,  the  metabolism  fell  23  per  cent  even  though  the 
blood  pressure  was  100.  In  experiment  XXXVI,  table  4,  fourth 
period,  though  the  blood  pressure  was  80-75  in  an  animal  rapidly 
developing  shock,  the  metabolism  was  —26  per  cent  of  the  normal 
level.  The  explanation  of  these  differences  is  obscure.  After  hemor- 
rhage the  blood  pressure  may  be  low  for  a  time  without  marked  drop 
in  metabolism.  After  muscle  injury  the  metabolism  may  be  reduced 
before  a  great  fall  in  blood  pressure  has  occurred.  Possibly  the  obsei^ 
%-ations  of  Gesell  (7)  will  satisfactorily  account  for  these  facts.  He 
found  that  in  the  early  stages  of  shock  from  tissue  abuse  there  is  usu- 
ally a  marked  reduction  of  the  "volume  flow"  of  blood  in  peripheral 
organs,  although  blood  pressure  is  only  httle  changed,  and  he  reports 
one  instance  of  increased  volume  flow  after  hemorrhage  though  the 
blood  pressure  was  falling.  The  volume  jtow  of  blood  determines  the 
oxygen  dehvery  to  the  tissues,  and  this  may  vary  to  some  degree  with- 
out corresponding  variation  in  blood  pressure. 

The  reduction  of  blood  pressure  by  increasing  pericardial  pressure, 
as  described  by  Cannon  (8),  is  due  to  mechanical  venous  obstruction, 
and  is  similar  in  its  action  to  the  methods  described  by  Janeway  and 
Jackson  (9)  and  by  Erlanger  and  Gasser  (10).  When  the  blood  pres- 
sure is  reduced  by  this  procedure,  the  metabolism,  an  calculated  from 
the  respiratory  gases,  shows  a  marked  prompt  reduction  to  the  level 
found  with  similar  blood  pressures  in  experimental  shock  (table  6), 
The  respiratory  quotient  is  also  similar  in  that  it  rises.  The  prompt 
reduction  of  metabolism  by  this  method  of  merely  hindering  the  venous 
return  to  the  heart  is  evidence  that  some  mechanical  factor  such  as 
retarded  blood  flow  is  the  cause  of  the  reduced  metabolism.  This  is 
emphasized  by  the  rapidity  of  the  appearance  of  the  reduction,  which 
by  this  method  seems  to  occur  without  delay. 

The  rapid  appearance  of  diminished  alkaline  reserve  in  shock,  as 
shown  by  the  lowering  of  the  blood  COt  combining  capacity,  should 
not  reduce  metabolism  but,  if  anything,  should  tend  to  raise  it  slightly, 
as  shown  by  studies  (11)  in  conditions  where  a  similar  drop  in  the 
reserve  may  occur. 
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A  feature  of  the  results  is  the  rather  low  average  respiratory  quotient. 
In  forty- seven  observations  in  Raeder's  publication  (6)  and  in  sixty- 
two  normal  observations  in  this  series,  the  average  respiratory  quotient 
was  the  same — 0.75.  Wilenko  (12)  in  ten  periods  with  cats  partly 
anesthetized  by  1  gram  urethane  per  kilo  by  mouth,  had  an  average 
respiratory  quotient  of  0.79  in  his  controls.  This  rather  low  value, 
as  also  the  work  of  Underbill  (13),  and  the  presence  of  &  hyperglycemia 
(paper  III),  all  suggest  a  decreased  oxidation  of  carbohydrate  under 
urethane  anesthesia.  This  point  will  be  more  fully  discussed  in  a 
future  publication.  Here  it  is  sufficient  to  aay  that  the  control  experi- 
ments demonstrate  that  the  height  of  the  basal  metabolism  remains 
constant  under  urethane  for  4^  hours.  Inasmuch  as  we  are  dealing 
with  relative  changes  in  each  animal,  the  low  respiratory  quotient 
in  the  control  periods  does  not  affect  the  eventufd  conclusions.  The 
tendency  as  shock  develops  has  been  for  the  respiratory  quotients  to 
rise — the  average  for  twenty-one  observations  beii^  0.81,  an  effect, 
probably,  of  increased  ventilation  and  the  resulting  pumping  out  of 
CO,. 

Having  the  animal  anesthetized  makes  the  determination  of  the 
basal  met^olism  a  great  deal  simpler,  for  voluntary  movements  and 
emotional  excitement  are  removed  as  factors  which  might  raise  the 
metabolism.  The  abnormality  of  some  of  the  respiratory  quotients 
reported  here  coiild  practically  all  be  traced  to  irregularities  in  breath- 
ing just  prior  to  or  during  the  observation.  A  period  of  hj'perpnea 
previous  to  the  observation  gave  a  low  respiratory  quotient,  and  with 
hyperpnea  during  the  period,  the  respiratory  quotient  was  always 
elevated.  In  cats  the  breathing  under  urethane  is  apt  to  vary  in 
quantity  rather  markedly  and,  as  a  result,  no  great  stress  may  be  laid 
upon  respiratory  quotients.  Then,  too,  there  is  the  factor  of  rapidly 
decreasing  alkaline  reserve  with  the  marked  fall  of  blood  pressure,  as 
shown  by  Cannon  (14),  and  whether  this  is  due  to  an  accumulation  of 
lactic  acid  or  to  a  disappearance  of  alkali  into  the  tissues,  the  effect 
would  probably  be  a  tanporary  pumping  out  of  extra  COi  into  the 
expired  air.  The  effect  of  this  change  in  balance  might  well  affect  the 
dissociation  curves  of  h^nc^lobin  for  oxygen  and  for  COi  (15).  With 
the  low  blood  pressure  found  in  shock,  the  effect  on  the  exchange  of 
substances  between  blood  and  tissue  fluids  may  be  considerably  dis- 
turbed, and  these  factors  might  distort  the  relationship  between  the 
Oi  absorbed  and  the  COi  given  off  in  the  lungs.  As  a  result,  little  stress 
may  be  laid  on  the  respiratory  quotients  obtained,  because  of  the 
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extremely  complicstitig  factors  which  may  be  influeDcing  them.  How- 
ever, the  oxygen  absorption  from  the  lungs  must  represent  the  amount 
of  oxygen  available  for  metabolic  uses  in  the  tissues,  inasmuch  as  the 
blood  leaves  the  heart  normally  saturated  with  oxygen  (16>.  lliat  this 
absorbed  oxygen  represents  the  amount  used  by  the  body  seems  highly 
probable,  as  otherwise  there  would  be  an  accumulation  of  oi^gen  in 
the  tissues,  a  condition  which  seems  decidedly  unlikely.  In  all  these 
observations,  therefore,  the  oxygen  absorption  has  been  used  as  the 
basis  of  comparison,  and  the  CO]  aaaumes  a  relatively  xanimportant 
rdle  through  its  influence  on  the  respiratory  quotient. 

The  reduced  metabolism  affords  an  explanation  for  the  marked 
reduction  of  body  temperature  in  shock,  which  may  go  aa  low  as  87.8°, 
or  even  76.1°  in  cervical  spine  lesions,  according  to  Weil  (18)  and  to 
Volkmann  (17).  This  invest^ation,  however,  does  not  indicate  that 
the  reduction  is  usually  a  forerunner  of  the  onset  of  shock,  or  that 
it  is  a  causative  factor  in  the  production.  In  fact,  in  two  experiments 
the  metabolism  just  before  the  onset  of  shock  was  slightly  elevated 
above  the  normal  level. 

The  volume  of  respiration  per  miuut«  has  likewise  been  studied. 
The  average  ventilation  per  minute  of  the  control  observations  was 
557  cc.  in  twenty-one  experiments;  the  average  after  crushing  the 
muscles  and  before  the  onset  of  a  shock  blood  pressure  level  was  860 
cc.  in  ten  experiments,  (a  variation  of  +54  per  cent  frcMn  the  control 
observations),  and  after  the  onset  of  shock  it  was  635  cc.  in  thirteen 
experiments.  This  variation  is  hardly  enough  to  account  for  the  onset 
of  shock,  in  these  muscle  trauma  experiments,  by  the  acapnia  theory 
advanced  by  Henderson  and  Haggard  (19),  (20).  Besides,  rapid 
breathing  with  a  higher  ventilation  rate  per  minute  than  in  shock  has 
been  repeatedly  seen  under  urethane  anesthesia  without  the  onset  of 
spontaneous  shock.  These  data  also  show  that  the  fall  of  the  meta- 
bolic rate  was  not  due  to  changes  in  either  the  volume  or  exertioD 
involved  in  respiration. 

With  the  metabolism  so  much  reduced  by  shock,  it  naturally  became 
of  interest  to  know  the  effect  of  transftision  of  a  sufficient  amount  of 
blood  to  brii^;  about  recovery.  Table  5  shows  five  such  experiments 
in  three  of  which  the  metabolism  returned  to  normal  limits,  while  in 
experiment  XLI  the  metabolism  remained  low.  In  experiment 
XLVIII,  the  figures  for  the  first  period  after  transfusion  were  above 
the  normal  determinations.  Experiment  LIV  in  table  6  shows  the 
effect  of  reducing  the  pressure  to  shock  level  by  pericardial  pressure. 
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Periods  III  and  IV  were  taken  directly  after  releasing  the  pressure, 
and. showed  a  normal  rate.  It  therefore  seems  that  making  the  circu- 
lation adequate  causes  the  low  metabolism  of  shock  to  disappear 
promptly. 

CONCLUSIONS 

1.  Ethyl  carbamate  (urethane)  is  a  satisfactory  anesthetic  for  the 
study  of  gaseous  metabolism  in  animals  over  short  periods  of  time. 

2.  Experimental  traumatic  shock  causes  a  marked  fall  in  the  rate 
of  basal  metaboUsm  to  70  per  cent  of  the  original  level.  The  degree 
of  fall  is  dependent  upon  the  severity  of  the  shock  produced. 

3.  A  similar  fall  of  the  metabolic  rate  may  be  rapidly  accomplished 
by  interfering  with  the  circulation  by  increased  pericardial  pressure. 

4.  The  effect  of  hemorrhage  is  not  constant.  It  may  temporarily 
lower,  or  have  no  immediate  effect  oa  the  metabolic  rate. 

5.  Recovery  from  shock  after  blood  transfusion  is  usually  associated 
with  a  prompt  return  of  the  metabolic  rate  to  a  normal  level. 
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In  studying  the  baaal  metabolism  of  experimental  traumatic  shock  it 
became  clear  that  the  reduction  of  the  calories  utilized  was  dependent 
upon  some  undetermined  factor.  This  was  suggested  by  the  fact  that 
the  fall  in  metabolic  rate  did  not  always  coincide  with  the  fall  in  blood 
pressure.  Other  observers  have  noted  ttiat  there  were  marked  changes  in 
the  circulation  before  a  shock  level  of  blood  pressure  was  approached. 
Gesell  (1)  showed  a  slowing  of  blood  flow  through  the  salivary  gland  before 
a  fall  in  pressure  had  developed.  Yandell  Henderson,  (2)  while  working 
with  shock  induced  by  intestinal  trauma  in  dogs,  found  a  markedly  de- 
creased Ot  content  in  the  venous  blood,  which  he  thought  followed  the 
failure  of  the  venopressor  mechanism  and  demonstrated  a  true  anoxemia. 

These  observations  suggested  that  the  determination  of  the  oxygen 
of  the  arterial  and  venous  blood,  as  well  as  the  blood  flow  during  the 
development  and  recovery  from  traumatic  shock,  might  give  evidence 
as  to  the  cause  of  the  fall  of  metabolism  (3). 

Method.  The  animals  used  were  cats,  and  the  methods  used  for 
inducing  traumatic  shock  and  determining  metabolism  were  similar 
in  all  respects  to  those  previously  described  (3).  The  values  for  blood 
o^gen  were  obtained  by  the  methods  of  Van  Slyke  (4) . 

The  blood  was  withdrawn  in  two  ways :  a,  by  inserting  a  needle  in  a 
branch  of  the  femoral  artery  and  vein,  and  so  entering  the  larger  ves- 
sels without  causing  any  stasis;  h,  the  more  satisfactory  way,  by  insert- 
ing thin  catheters  down  the  right  carotid  artery  and  right  superficial 
jugular  vein  until  they  reached  the  heart.  The  blood  was  collected  in 
glass  syringes,  under  paraffine  oil,  and  put  into  tubes  under  cnl  (5). 

■  This  is  study  no.  X  of  &  series  on  the  physiology  and  pathology  of  the  blood 
from  the  Harvard  Medical  School  and  allied  hospitals. 
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By  tiiis  method  blood  could  easily  be  obtamed  without  exposure  to 
air.  In  order  not  to  disturb  the  blood  volume  in  the  experimental 
ammal,  the  amount  removed  for  analyaia  was  promptly  replaced  by  an 
equal  amoimt  of  citrated  cat's  blood.  Thus  fairly  large  samples  of 
arterial  and  venous  blood  could  be  obtained  without  permanently 
affecting  the  blood  pressure  or  blood  volume. 


Fig.  1.  Normal  >  Animal  under  urethane  anesthesia. 

Before  shock  —  After  muscle  trauxna,  but  before  a  true  shock  level  of 

blood  pressure  bad  been  established. 
Asphyxia  =  Clamping;  ofT  trachea  completely  for  4  or  5  minutes. 

After  shock  had  been  established  for  about  30  minutes,  as  shown  by  a 
fall  of  blood  pressure  to  60-70  mm.  Hg.,  the  blood  samples  were  taken 
and  were  iimnediately  followed  by  a  large  transfusion  of  blood,  as  much 
as  100  cc.  being  given  in  an  attempt  to  relieve  the  shock.  In  one  case 
this  accomplished  a  permanent  recovery  of  blood  pressure  to  its  orig- 
inal level.  In  cases  where  a  few  minutes'  delay  followed  the  taking 
of  the  blood  samples  from  the  shocked  animals,  only  slight  recovery  of 
blood  pressure  followed  the  transfusion. 
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Discussion.  Figure  1  shows  graphically  the  more  important  dianges 
which  occur  in  the  oxygen  of  the  blood  in  traumatic  shock.  The  most 
strikiDg  efiFect  a  seen  in  the  oxygen  content  of  the  venous  blood,  which 
falls  very  markedly  in  shock — not  only  in  actual  content  of  oxygen 
but  in  percentage  of  saturation.*  This  is  well  shown  in  ^  the  experi- 
ments in  table  2,  but  poesibly  most  notably  in  experiments  LIII  and 
LV,  and  is  also  present  in  a  control  experiment  LIV,  table  1,  where  a 
low  pressure  was  obtained  by  mechanically  interfering  with  the  circu- 
lation. The  changes  observed  in  profound  shock  are  also  present 
as  the  shock  is  developing,  and  to  lesser  degree  after  the  improvenient 
which  follows  large  transfusions. 

The  oxygen  capacity  of  the  blood  in  shock  has  invariably  become 
less  than  in  the  normal  sample.  This  fall  in  capacity  does  not  agree 
with  the  observations  of  Henderson  (2),  who  found  in  four  experiments 
that  the  oxygen  of  the  arterial  blood  rose  1.5  volume  per  cent  after 
shock.  This  he  interpreted  as  demonstratii^  a  concentration  of  the 
blood.  The  fall  here  reported  may,  however,  be  explained  by  the 
accumulation  of  red  blood  corpuscles  in  the  capillaries,  as  observed  by 
Cannon,  Fraser  and  Hooper  (6),  and  therefore  a  relative  reduction  of 
ccH^uscles  in  venous  blood,  and  not  necessarily  a  dilution  of  the  plasma. 

The  percentage  saturation  of  hemoglobin  in  arterial  blood  has  not 
varied  markedly  in  the  various  conditions  of  the  experiments.  The 
ventilation  is  at  least  adequate  throughout,  so  that  when  the  blood 
leaves  the  heart  and  reaches  the  tissues  it  is  as  well  saturated  with 
oxygen  during  shock  as  normally.  The  fall  from  the  normal  level  of 
oxygen  takes  place  in  the  venous  blood,  which  confirms  Henderson's 
observations,  and  this  occurs  before  shock  as  well  as  during  ^ock. 
In  experiment  LVI,  while  the  blood  pressure  was,  and  had  been,  104-94 
nmi.  Hg.  for  Ij  hours  after  the  muscle  injury,  the  oxygen  content  of 
the  venous  blood  had  fallen  from  12.27  to  4.55  volumes  per  cent.  So 
also  in  experiment  LVII,  although  the  blood  pressure  was  84  mm.  Hg. 
after  the  muscle  injury,  the  oxygen  content  of  the  venous  blood  had 
fallen  from  13.68  to  6.64  volumes  per  cent. 

A  similar,  though  less  marked,  decrease  in  the  oxygen  content  of 
the  venous  blood  is  seen  after  recovery  by  transfusion  as  seen  in  experi- 
ment LIII,  table  2.  That  this  is  sufficient  to  indicate  a  true  asph>'xia 
in  the  tissues  cannot  now  be  ppjved  because  the  head  of  oxygen  pres- 
sure necessary  for  normal  oxidation  is  not  yet  definitely  known.    How- 

*  The  percentage  of  saturation  ae  used  in  this  paper,  representB  the  oxygen 
content  of  venous  blood  divided  by  the  oxygen  capacity  of  tbe  arterial  blood. 
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ever,  the  very  small  amount  of  oxygen  present  (with  the  attendant  low 
partial  preeaure)  makes  a  true  anoxemia  possible. 

It  is  true,  however,  that  the  venous  blood  may  be  as  low  in  oxygen 
in  severe  anemia  as  it  is  in  shock,  but  in  this  condition  the  oxygen  of 
the  arterial  blood  is  likewise  reduced.  Morawitz  and  Rohmer  (7) 
found  that  in  three  human  cases  of  very  severe  anemia,  where  the 
oxygen-carrying  capacity  of  the  blood  was  4.5  per  cent  or  lees,  the  . 
venous  blood  had  an  oxygen  content  as  low  as  0.67  per  cent,  and  they 
assumed  an  increased  blood  flow  to  explain  the  normal  metabolism 
which  is  still  found  in  these  cases.  Lundsgaard  (8),  also  studying 
patients  with  anemia,  found  the  venous  blood  contained  as  low  as 
1.16  volume  per  cent  of  Oi  in  a  case  with  an  oxygen-carrying  capacity 
of  5.93  per  cent.  He  concludes  that  the  tissues  extract  oxygen  from 
the  blood  with  equal  readiness  whether  there  is  a  large  oxygen  reserve 
in  the  blood,  "or  practically  no  reserve,  as  in  anemia."  These  cases, 
however,  had  very  low  oxygen  capacities,  and  therefore'  the  low  Oi 
content  of  the  venous  blood  meant  a  less  complete  dissociation*  of 
hemoglobin  and  O*  than  would  a  similar  figure  in  a  normal  blood. 
It  is  the  amount  (percentage)  of  this  dissociation  which  must  influence 
the  partial  pressure  of  the  dissolved  oxygen,  and  this  latt«r  is  the 
important  factor  in  the  migration  of  oxygen  into  the  tissues.  The 
oxygen  content  of  normal  blood  may,  therefore,  be  three  or  four  times 
that  of  anemic  under  the  same  partial  pressure  of  Oj.  As  a  result, 
under  similar  conditions,  one  would  expect  to  find  a  much  larger  figure 
for  the  total  venous  content  of  oxygen  in  these  shock  experiments  than 
would  be  found  in  anemia,  because  anemic  blood  has  less  hemc^lobin. 
In  fact,  the  percentage  saturation  of  the  venous  blood  in  these  anemia 
cases,  (16  per  cent  and  20  per  cent) ,  is  about  the  same  as  in  the  cases  of 
severe  shock,  in  spite  of  the  lower  venous  contend. 

A  more  direct  control  of  the  value  of  the  oxygen  content  found  in 
these  experiments  are  the  figures  obtained  in  animals  after  4  or  5  min- 
utes of  complete  asphyxia,  for  here,  just  before  death,  the  oxygen 
value  <rf  the  venous  blood  was  not  very  much  lower  than  that  found 
in  shock.  This  is  of  course  indirect  evidence,  for  the  matter  of  greatest 
importance  to  the  tissue  is  the  oxygen  content  of  the  arterial  blood. 
Still,  the  oxygen  content  of  the  venous  blood  must  give  a  satisfactoiy 

■  This  dissociation  is  approximately  represented  bj  the  "per  cent  of  satura- 
tion" column  in  tables  1  and  2.  It  is  approximate,  because  the  small  amount 
of  oxygen  diasalved  in  the  plasma  would  be  about  the  same  in  anemic  and  normal 
blooda. 
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indication  of  condiUoiu  in  the  veaous  end  of  the  capillaiiee,  and  in  the 
asphyxia  experiments  must  surely  indicate  an  oxygen  content  which  is 
entirely  inadequate  for  the  use  of  the  tisauea. 

The  explanation  of  this  marked  anoxemia  lies  meet  probably  in  a 
slowed  blood  flow  which  has  been  demonstrated  in  shock,  and  which 
can  be  very  well  demonstrated  in  these  experimenta  by  the  method 
used  by  Means  and  Newburgh  (9) .    In  brief  it  is  baaed  on  the  fonnula : 

„  ,  . ,  cc.  Oi  absorbed  througb  lunn 

Volume  output  of  heart  per  mm.  ■  r;-; — — : m — , 

Volume  per  cent  oxygen  utiluation  of  blood 

Umng  this  formula  we  can  calculate  the  bkx>d  flow  of  several  <A 
our  cases.  The  results  are  shown  in  tables  1  and  2.  It  is  clear 
that  the  blood  flow  beccsnes  markedly  slowed  bdore  the  onset 
of  ft  shock  level  of  blood  pressure,  and  that  this  slowing  precedes 
the  fall  in  metabolism,  demonstrated  in  paper  I.*  This  is  demoo- 
Btrated  in  experiments  LVI  and  LVII.  It  may  therefore  be  assumed 
that  the  fall  in  metabolism  is  a  secdndary  manifestatioD  of  the  decreased 
blood  flow,  and  of  the  markedly  reduced  oxygen  content  of  the  venous 
bloodf  and  is  probably  due  to  a  true  anoxemia.  This  suggestion  is 
further  borne  out  by  the  similar  findings  following  increased  pericardial 
tension  (exper.  LIV),  for  this  must  suddenly  decrease  the  rapidity  of 
blood  flow.  There  is  a  much  increased  oxygen  utilisation  in  the  bkiod 
and  there  is  also  a  very  prompt  fall  in  the  level  of  the  basal  metab- 
olism (3),  although  the  only  disturbing  factor  is  in  the  circulation,  and 
no  toxic  effect  from  tissue  injury  can  be  involved.  Verzar  (10)  has  also 
shown  that  when  perfused  muscles  are  given  inadequate  oxygen  sup- 
ply the  hd^t  of  their  metabolism  falls. 

Under  these  conditions  we  may  add  another  factor  to  the  vicious 
cycles  described  by  Cannon  (11).  Erogh  (12)  has  shown  that  as  an 
oxygen  want  develops  in  contractile  muscles,  many  empty  capillaries 
fill  with  bkx>d,  a  change  which  reduces  the  distance  aeoessary  for  the 
diffusion  of  gases  into  the  tissues.  Thus,  as  anoxemia  develi^,  the 
c^iillary  bed  would  increase  in  volume.  This  would  further  decrease 
the  already  slowed  blood  flow,  and  the  slower  the  flow  the  greater 
would  probably  become  the  oxygen  consumption  per  cubic  centimeter 
of  blood,  and  hence  the  decrease  in  oxygen  of  venous  blood. 

*  Experiment  LIII  does  not  shov  bo  itriking  a  drop  u  the  other  two.  It  was 
abnormal,  however,  io  being  the  only  observation  which  showed  a  rise  in  melab* 
olism  during  shock,  instead  of  a  fall.  This  was  probably  due  to  the  intense 
dyspnea. 
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STUDIES  IN   EXPEROfENTAL  TBAUMATIC  SHOCK  415 

COKCLOSIONS 

1.  There  is  a  markedly  diminisbed  oxygeD  conteot  of  the  venous 
blood  in  experimental  traumatic  shock.  This  chu^  occurs  before 
the  blood  pressure  falls  to  a  shock  level,  and  is  still  present  after  appar- 
ent recovery  from  shock. 

2.  The  blood  flow  is  also  greatly  decreased  in  the  development  of, 
during  and  aft«r  shock. 

3.  The  resulting  anoxemia  of  the  tissues  may  be  the  cause  of  tho 
decreased  metabolism. 

4.  The  sequence  of  these  events  in  traumatic  shock  is  discussed. 
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STUDIES  IN  EXPERIMENTAL  TRAUMATIC  SHOCK 

III.  Chemical  Changes  in  the  Blood 
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In  experimental  traumatic  shock  there  is  a  marked  decrease  in  the 
rate  of  blood  flow  and  of  general  metaboUsm.  Decreased  blood  flow 
and  blood  pressure  result  in  a  diminished  secretion  by  the  kidney  (1). 
It  is  of  interest  to  know  what  are  the  effecte  of  such  acute  abnormal 
conditions  upon  the  chemical  constituents  of  blood,  especially  as  a 
chemical  cause  of  shock  is  now  being  seriously  considered. 

Some  work  in  this  field  has  been  done  by  French  invesUgatore. 
Duval  and  Grigaut  (2)  studied  the  non-protein  nitrogen  of  the  blood 
in  shock  and  concluded  from  their  results  that  in  the  wai^wounded 
there  was  an  increase  in  the  non-protein  nitrogen  of  the  blood,  whidi 
started  promptly  after  the  wounding,  was  at  its  height  during  the  sec- 
ond day  and  then  gradually  returned  to  normal.  This  increase  was 
slight  in  unshocked  cases,  whether  the  wounds  were  infected  or  not. 
The  retention  differed  from  that  found  in  nephritis  in  that  the  nitrogen 
increase  in  blood  occurred  not  markedly  in  the  urea  portion  but  in  Ute 
reminder  of  the  non-protein  nitrogen. 

Whipple  and  his  collaborators  (3)  studied  the  blood  in  the  intozicft- 
tion  following  intestinal  obstruction,  and  after  injection  of  the  toxic 
proteoses  which  developed  in  obstructed  intestines  or  in  closed  intes- 
tinal loops.  The  response  to  these  injections  was  one  which  in  many 
ways  resembled  traumatic  shock, — with  a  fall  in  temperature  and 
blood  pressure.  The  injection  was  followed  by  a  large  increase  (40 
per  cent  or  more)  in  the  non-protein  nitrogen  of  the  blood,  but  this 
increase  was  found  chiefly  in  the  blood  urea  nitn^n,  although  the 
amino-  and  peptid-nitrogen  also  showed  slight  increases. 

It  is  thus  seen  that  the  conclusions  of  the  French  and  of  the  American 
investigators  are  somewhat  contradictory,  though  it  may  be  conceded 
ihat  the  response  obtained  by  proteose  injection  is  not  a  true  shock. 
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At  any  rate,  neither  of  these  investigatois  have  found  any  chemical 
change  in  blood  other  than  rise  in  non-protein  nitn^en  which  may  be 
r^arded  as  characteristic  of  traumatic  shock. 

The  method  of  analysis  used  in  our  experimente  was  that  of  Folin 
and  Wu  (4).  The  urea  was  always  determined  by  means  of  urease  and 
aeration,  as  hydrolyms  with  the  autoclave  would  also  decompose  the 
urethane  used  as  an  anesthetic.  The  figures  obtained  by  the  latter 
method  were  10  to  15  mgm.  too  high,  and  it  may  therefore  be  con- 
eluded  that  the  blood  in  our  experiments  contained  about  this  amount 
of  urethane  N  per  100  cc.  The  urethane  contributed  but  little  to  the 
non-protein  nitrogen  as  actually  determined.  It  is  so  volatile  that 
most  of  it  is  expelled  in  the  course  of  the  digestion.  Experiments  with 
a  pure  urethane  solution  containing  10  to  15  mgm.  N  per  liter  (i.e.,  as 
much  urethane  N  as  the  blood  61trate  might  contain)  have  shown 
that  only  3  to  4  mgm.  N  were  fixed  by  the  acid  digestion  mixture.  The 
values  of  the  total  non-protein  N  obtained  are,  therefore,  only  3  to  4 
mgm.  higher  than  the  actual  total  non-protein  nitrogen  minus  urethane 
nitrogen. 

The  creatin  N  represents  as  usual  the  difference  between  the  total 
creatinine  and  the  preformed  creatinine  multiplied  by  0.37.  In  the 
first  few  experiments  both  the  total  creatinine  and  the  preformed 
creatinine  were  determined,  but  as  the  latter  showed  no  appreciable 
variation  during  anesthesia, — averaging  2  mgm.  creatinine  per  100  cc. 
blood,  in  control  as  well  as  in  shocked  animab' — its  separate  deter- 
mination was  discontinued  in  later  experiments  in  order  to  economize 
the  blood  filtrate.  Its  average  value  was  used  for  the  calculation  of 
the  creatin. 

In  tables  1  and  2  -are  shown  the  resulte  of  our  experimente.  It  is 
clear  that  in  the  control  experiments  there  was  no  marked  rise  in  any 
of  the  chemical  constituents  studied.  This  b  true  even  in  the  experi- 
ments where  the  blood  pressure  and  the  blood  fiow  were  reduced  by 
mechanical  means  but  without  muscle  trauma  (exper.  LIV).  In  the 
animals  in  shock,  however,  there  was  usually  a  marked  increase  of  all 
the  constituents  which  we  determined,  over  what  was  present  before 

■  Id  &  control  experiment,  1  hour  and  10  minutes  after  aneetlieflia  the  blood 
coDtaincd  5.2  ingm.  total  creatinine  and  2.1  preformed  creatinine  per  100  cc. 
blood.  Five  hours  later  the  total  creatinine  was  again  S.2  mgm.  and  the  pre- 
formed creatinine  was  1.8  mgm.  In  another  experiment  (2  hours  after  trBUma- 
tiiation)  the  blood  contained  15  mgm.  tot«l  creatinine  and  only  2.3  mgm. 
preformed  creatinine. 
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trauma.  This  increase  was  not  marked  in  traumatized  anlmalB  which 
did  not  go  into  shock, — and,  in  fact,  the  rise  tended  to  run  parallel 
with  the  severity  of  the  shock. 

The  most  significant  result  of  the  blood  analysis  is  that  in  connection 
with  the  creatin.  In  control  ^nimftlH  the  creatin  content  of  blood 
remained  practically  unchanged  during  the  five  hours  of  the  expeti- 
ment.  In  animals  which  were  traumatized  but  had  not  gone  into 
shock  the  blood  creatin  showed  an  unmistakable  increase.  When 
shock  developed,  the  creatin  figure  rose  frequently  to  three  times  the 
normal.  The  source  of  the  increased  creatin  in  blood  is  the  injured 
muscle.  This  is  not  only  in  accord  with  liie  known  facts  but  is  also 
shown  in  experiment  XLI.  The  blood  from  the  femoral  vein  con- 
tained distinctly  more  creatin  than  did  the  carotid  blood.  According 
to  the  views  of  Folin  and  Denis  (5),  creatin  does  not  exist  as  such  in 
the  intact  muscle  and  it  is  a  post-mortem  product  set  free  by  the  dying 
tissue.  While  these  investigators  based  their  view  on  indirect  though 
convincing  data,  the  results  of  our  experiments  seem  to  afford  direct 
evidence. 

The  parallelism  between  blood  creatin  and  the  severity  of  the  shock 
does  not  of  course  indicate  that  creatin  itself  is  responsible  for  this 
condition.  Creatin  is  innocuous  even  in  large  doses.  Simultaneously 
with  the  liberation  of  creatin  from  the  autolyzing  muscle  there  is 
probably  formed  a  large  number  of  other  nitrogenous  substances — 
possibly  histamine  and  the  like,  and  to  these  substances  may  possibly 
be  ascribed  the  cause  of  shock.  The  increased  blood  creatin  is  merely 
an  index  of  the  extent  of  the  necroos  which  the  injured  muscle  has 
undergone.  Since  creatin  is  derived  solely  from  the  injured  muscle, 
the  results  of  our  experiment  seem  to  afford  suggestive  chemical  evi- 
dence in  support  of  tiie  view  already  prevalent  that  the  shock  is  pro- 
duced by  scone  substance  coming  from  the  injured  muscle  (6),  (7). 

Although  an  increase  in  the  total  non-protein  nitrogen  always 
attended  the  development  of  shock,  the  increase  was  slight  except  in 
cases  where  the  shock  was  profound.  This  relatively  sli^t  increase 
of  total  nitrogen  is  an  excellent  check  on  the  increase  of  creatin,  for  it 
shows  that  the  accumulation  is  due  to  increased  production  and  not 
simply  to  kidney  inefificiency,  which  would  probably  cause  a  parallel 
rise  of  all  constituents.  We  are  inclined  not  to  attach  much  signifi- 
cance to  the  variation  of  the  total  nitrogen  (and  the  percentage  of 
urea  N)  on  account  of  the  complication  by  the  urethane,  but  our 
results  agree  rather  well  with  those  of  Whipple  and  collaborators  (3), 
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and  it  may  be  coDcluded  that  albumosee,  as  such,  could  not  have  played 
any  important  rdle  iu  the  derelopment  of  shock. 

Some  work  has  been  done  on  the  blood  st^ar  content  in  traumatic 
shock.  Cannon  (8)  reported  that  there  was  surely  a  normal  amount 
if  not  a  slightly  increased  blood  sugar  in  wound  shock.  Fabre,  Wert^ 
heimer  and  Clogne  (9),  however,  report  a  reduced  blood  sugar  content 
in  shock.  In  our  control  experiments  the  blood  sugar,  while  always 
high  on  account  of  anesthesia,  did  not  rise  greatly  in  the  second  sample. 
In  the  traumatized  cases,  howeyer,  there  was  nearly  always  definite 
and  marked  rise  in  the  sugar  content  of  the  blood.  Too  much  stress 
may  not  be  laid  upon  the  extent  of  the  rise,  however,  because  of  the 
urethane.  That  this  anesthetic  may  affect  the  carbohydrate  metab- 
olism was  BU^ested  by  the  work  of  Underbill  (10),  who  showed  that 
adrenalin  glycosuria  was  more  readily  obtained  when  urethane  was  the 
anesthetic  than  otherwise.  The  rise  of  sugar  values  which  we  have 
found,  however,  is  very  striking  and  difficult  to  explain.  Three  possi- 
bilities suggest  themselves:  a,  It  may  be  the  hypei^Iycemia  associated 
with  activity  of  the  sympathetic  nervous  system;  6,  The  reduced  total 
metabolism  might  be  used  to  explain  an  accumulation  in  the  blood, — 
but  the  respiratory  quotients  in  traumatic  shock  (11)  suggest  that  at 
least  a  normal  proportion  of  carbohydrate  is  being  metabolized;  c, 
finally  one  may  look  to  the  liver  for  an  explanation.  Several  French 
observers  have  ascribed  shock  phenomena  to  a  liver  insufficiency,  and 
one  might  assimie  that  this  rise  in  blood  sugar  is  due  to  a  loss  from 
the  glycogen  commonly  stored  there.  This  might  be  a  direct  result  of 
the  toxic  alterations  which  may  occur  in  the  liver  (12). 

CONCLUSIONS 

1.  Animals  with  marked  muscle  trauma  but  without  true  shock 
showed  only  slight  changes  in  total  non-protein  nitrogen,  urea,  creatin 
and  sugar  in  the  blood.  These  constituents,  especially  the  creatin  and 
the  sugar,  rose  markedly  as  shock  developed.  In  control  animals  the 
determined  constituents  showed  no  appreciable  change. 

2.  The  marked  rise  in  creatin  is  direct  evidence  of  the  presence  in 
the  blood  of  products  of  muscle  necrosis,  and  is  therefore  si^gestive 
evidence  for  the  theory  of  the  chemical  cause  of  traumatic  shock. 

3.  The  cause  of  the  rise  in  blood  sugar  is  brieSy  discussed. 
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According  to  some  earlier  literature  (1),  cold  causes  hyperglycpmia 
and  glycosuria  in  both  wann-  and  cold-blooded  animals,  and  increases 
the  glycosuria  of  diabetic  dc^.  The  use  of  cold  and  shivering  to  drive 
out  glycogen  from  phlorizinlzod  animals  was  familiarized  by  Lusk, 
A  single  mild  test  of  cold  environment  in  a  human  patient  gave  a 
negative  result  (2), 

A  few  words  may  be  devoted  to  the  theory  of  the  subject.  In  a 
totally  phlorizinized  dog,  it.  is  obvious  that  a  release  of  carbohydrate 
which  cannot  be  utilized  will  result  in  a  temporary  rise  of  glycosuria 
and  of  the  D  :  N  ratio.  A  similar  mobilization  of  stored  carbohydrate, 
together  with  a  possible  diuretic  action  of  cold,  might  produce  a  similar 
result  in  a  totally  depancreatized  animal.  The  extra  heat  required  to 
maintain  body  temperature  would  supposedly  be  furnished  by  fat, 
and  there  is  no  reason  to  expect  any  increased  output  of  sugar  derived 
from  protein,  either  in  the  sense  of  any  appreciable  increase  of  protein 
decomposition  or  any  genuine  alteration  of  the  D :  N  ratio.  In  a 
partially  depancreatized  animal,  the  increased  carbohydrate  mobili- 
zation or  increased  total  metabolism  may  impose  an  additional  burden 
upon  the  pancreas  remnant,  and  any  lasting  increase  of  glycosuria 
must  be  interpreted  in  the  sense  of  a  true  asfavation  of  the  diabetes. 
At  the  same  time  complicating  factors  come  into  play.     If  the  animal 
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fasts,  the  extra  sugar  loss  and  fat  combustion  impose  a  sharper  uoder- 
nutrition  treatment  in  a  cold  than  in  a  warm  eavironment.  Likewise 
a  diet  which  is  adequate  in  warmth  becomes  under-nutrition  in  the 
cold.  On  the  other  hand  an  increase  of  diet  to  meet  the  increased 
Tequiremcnt  complicates  the  problem  still  further.  Shivering  is  a  form 
of  muscular  exercise,  and  may  possibly  have  a  metabolic  effect  opposed 
to  the  effect  of  cold  per  se. 

Nonnal  dogs  can  live  without  artificial  beat  in  the  ordinary  winter 
weather  of  New  York  if  merely  sheltered,  but  their  metabolism  eiii- 
dently  is  considerably  higher  than  that  of  dogs  kept  in  warm  rooms. 
The  first  experiments  were  therefore  planned  to  determine  whether 
there  is  any  practical  difference  in  the  ease  of  producing  diabetes  in 
dogs  kept  in  outdoor  cages  in  winter  and  in  others  kept  in  a  room 
specially  warmed  to  a  high  summer  temperature.  This  method  was 
considered  better  for  the  purpose  than  the  plan  of  using  severely  diabetic 
dogs  and  following  the  variations  in  their  glycosuria,  because  it  was 
important  to  distinguish  a  tendency  to  the  production  of  mere  glycosuria 
and  hyperglycemia  (such  as  cold  may  excite  even  in  normal  animals, 
which  are  certainly  not  diabetic  from  this  cause)  from  a  tendenc>'  to 
the  production  of  actual  diabetes.  If  cold  has  any  diabet^^nic  action, 
equivalent  to  the  removal  of  a  small  fraction  of  a  gram  of  pancreatic 
tissue,  this  action  should  be  demonstrable  in  such  tests. 

Twenty-five  dogs  were  used  for  this  investigation,  with  removal  of 
such  portions  of  pancreas  as  were  known  to  produce  a  close  approach 
to  diabetes.'  These  experiments  included  fasting  and  fixed  diets,  also 
single  and  repeated  operations,  the  latter  as  usual  removing  successive 
bits  of  tissue  till  diabetes  resulted.  Comparisons  were  made  between 
dogs  kept  in  the  warmth  and  others  kept  in  the  cold,  and  also  in  the 
same  animab  by  sudden  changes  from  one  environment  to  the  other. 
The  animals  chosen  ranged  from  small  shorts-haired  dogs  which  were 
highly  sensitive  to  the  cold  and  might  sometimes  be  unduly  depressed 
by  it,  to  lai^  woolly  dogs  which  scarcely  shivered  in  the  winter  weather. 
The  general  technic  of  such  experiments  is  sufficiently  clear  from  the 
preceding  papers,  so  that  brevity  may  be  served  by  omitting  protocols. 
In  two  instances  the  change  from  warmth  to  cold  scemeil  responsible 
for  a  definite  but  transitory  glycosuria.  Otherwise  the  results  were 
negative,  and  the  conclusion  was  established  positively  that  there  is 
no  demonstrable  difference  in  the  amount  of  pancreatic  tissue  that 

'  All  operations  were  performed  under  ether  anesthesia. 
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must  be  removed  to  produce  diabetes  in  dogs  in  warm  or  cold  environ- 
ment. An  effect  of  cold  upon  the  islands  of  Lai^erhans  was  also  not 
observable. 

Although  cold  has  no  diabetogenic  inBuence  whatever  in  the  sense 
of  this  test,  it  thus  merely  conforms  to  the  rule  that  the  most  powerful 
functional  influences  avail  little  in  comparison  with  the  smallest  fraction 
of  a  gram  of  healthy  pancreas  tissue.  As  agencies  which  are  negative 
in  this  respect  sometimes  appreciably  influence  the  course  of  an  existing 
diabetes,  some  experiments  concerning  hyperglycemia  and  glycosuria 
were  performed  upon  dogs  with  various  grades  of  carbohydrate  tolerance. 
For  this  purpose  the  animals'  cages  were  transferred  from  a  comfortably 
warm  room  to  a  refrigerator  room  kept  at  approximately  freezing 
temperature.  The  observations  are  arranged  in  a  series  chiefly  accord- 
ing to  descending  assimilative  capacity. 

DogCs-ae 


PLASM* 

IDOIB 

pci-Mnf 

August  6 

10:00  a.m 

0.128 

3:40  p.m 

0.116 

Immediately  after  tbis  bleeding,  tranaFerred  to 

5;50p.m 

0.098 

ice 

August  7 

10:00  a.m 

0.113 

4:00  p.m 

0,100 

Immediately  after  this  bleeding,   transferred 
from  ice  room  to  summer  temperature 

6:00  p.m 

0.005 

9:25  p.m 

0.105 

The  normal  dog  C3-36,  weighing  17  kiloa,  was  placed  in  the  ice  room  after  the 
bleeding  at  3:40  p.m.  on  August  6,  and  left  there  until  after  the  bleeding  at  4  p.m. 
on  August  7.  The  usual  diet  of  bread  and  aoup  was  fed  each  evening  after  the 
final  blood  sample  was  taken.  The  dog  was  in  excellent  condition  and  powerfully 
muscled,  but  very  short  haired,  and  shivered  continuously  in  the  cold.  The 
plasma  sugar  seemed  to  be  affected  very  slightly  if  at  all.  At  any  rate,  no  eleva- 
tion by  cold  was  observed. 

Dog  B2-00,  mentioned  several  times  in  previous  papers,  in  August, 
1915  was  close  to  the  vei^e  of  diabetes,  but  had  been  free  from  glyco- 
suria on  fixed  bread  diet  for  several  months.  Exercise  had  proved  able 
to  modify  the  blood  sugar  and  the  glucose  assimilatioa  considerably, 


,v  Google 


428 


FREDERICS  U.  ALLEN 


and  an  experiment  with  cold  was  therefore  performed  under  similar 
conditions.  The  diet  was  fed  each  evening  after  the  last  blood  test. 
There  was  no  glycosuria.  The  plasma  sugar  was  shghtly  lower  at  the 
low  temperature. 


,... 

FLAHA 

pa'col 

August  5 

11:30  a.m 

0.111 

2:30  p.m 

0-117 

At  summe 

r  temperature 

August  6 

9:30  a.m 

O.IIO 

3:30  p.m 

0.0D8 

Immediately  aft«r  this  bleeding,  traDsferred  to 
ice  room 

5:45  p.m 

0.08S 

August  7 

9:30  a.m 

o.ooe 

3:30  p.m 

0.107 

from  ice 

room  to  summer  temperature 

6:00  p.m 

0.125 

9:30  p.m 

0.112 

Oolobn- 1,  EuniM 


0.116 
0  192 
0.100 
0.131 


0.106 
0.256 
0.147 


0-lft5 
0.147 
0.148 


Blood  before  feeding 
1  hour  after  feeding 
3  hours  after  feeding 
6  hours  after  feeding 


Dog  BM-Ot,  likewise  near  the  verge  of  diabetes,  received  56  grams  Merck  anhjr- 
drouB  glucose  (4  grams  per  kilo)  in  30  per  cent  solution  by  stomach  tube  on  three 
days,  respectively  in  the  cold,  in  warmth  at  rest,  and  with  treadmill  ruiuiiiiK' 
The  control  day  showed  the  highest  plasma  sugar  curve,  while  both  cold  and 
exercise  seemed  to  depress  it. 
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FLAWI4  aUOlB 

^.  TO*. 

aa 

SepUm- 
Cold 

Ootobn 

Jul).  JO.  Control 

%t^n' 

TIHB 

0,144 

0.270 
0.149 
0.112 

0.118 
0.228 
0.115 
0.100 

0.114 
0.111 
0.100 

0 

4.50  (13  GC.) 

1.86  (84  cc.) 

0 

0 

Slight 

0 

0 

Before  feeding 
1  hour  after  feeding 
3  hours  after  feeding 
6  hours  after  feeding 

Dog  Bl-Ot  was  known  to  have  very  mild  latent  diabetes,  but  was  continuously 
free  from  glycosuria  on  bread  diet.  Testa  similar  to  those  of  dog  B2-01  were 
carried  out  with  the  giving  of  30.5  grams  Merck  glucose  (3  grama  per  kilo)  by 
stomach  tube.  Cold  seemed  to  reduce  hyperglycemia  and  glycosuria  as  compared 
with  the  control  day.  On  the  exercise  day  there  was  by  far  the  lowest  plasma 
sugar  and  no  glycosuria. 

Dog  Di-t9 


n.^*..o*E 

October*.  Control 

October*.  Cold 

Ootobrr  10,  Control 

ptrcntl 

ptrani 

pti-HiX 

0.093 

0.120 

0.147 

Blood  before  feeding 

0.307 

0,357 

0-256 

1  hour  after  feeding 

0.307 

0.455 

0.202 

2  hours  after  feeding 

0.322 

0,400 

0.235 

3  hours  after  feeding 

0.307 

0.416 

0.222 

4  hours  after  feeding 

0.313 

0.364 

0,2S0 

5  hours  after  feeding 

0-322 

0,206 

8  hours  after  feeding 

0.125 

0.200 

13  hours  after  feeding 

Dog  Di-t9.  Female;  mongrel;  age  2  years;  good  condition;  weight  11.5  kilos. 
September  28, 1916,  removal  of  pancreatic  tissue  weighing  26.9  grams.  Remnant 
aboutmain  duct  estimated  at  3.8  grams  ()).  The  removal  ofO.65  gram  additional 
tissue  on  October  16  was  necessary  to  produce  diabetes.  In  the  interval  the  tests 
shown  in  the  table  were  performed,  with  the  feeding  of  200  grams  bread  and  150 
grams  glucose  oo  each  occasion  (together  with  200  grams  talcum  powder  as  a  pre- 
caution against  diarrhea).  On  October  9  the  dog  was  transferred  to  the  cold 
room  immediately  after  feeding.  The  plasma  sugar  curve  ran  noticeably  higher 
on  this  day  than  on  the  control  days,  but  yet  was  lower  at  the  end  of  13  hours,  as 
if  more  of  the  available  carbohydrate  had  either  been  excreted  or  consumed  by 
shivering.    An  accident  prevented  comparison  of  the  glycosuria. 

Dog  BtSS.  The  history  of  this  animal  was  given  in  paper  2  of  the  preceding 
series  (3).  The  animal  had  been  on  the  verge  of  diabetes  with  an  unusually  large 
pancreas  remnant,  and  enormous  quantities  of  bread  and  glucose  had  been  neces- 
sary to  keep  up  glycosuria,  but  by  July  21  this  was  disappearing  and  the  appe- 
tite was  failing.    Therefore  the  expedient  was  adopted  of  raising  the  animal's 
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metabotUm  to  the  higheBt  level  passible,  by  exercbmK  him  on  th«  treadmill  to 
the  limit  of  his  strength  daily,  and  keepiog  him  in  the  ice  room  &11  the  rest  of  th« 
time,  in  the  endeavor  to  bring  on  diabetes  either  by  stimulation  of  appetit«  or  by 
any  direct  influenoe  upon  the  pancreas.  July  22  was  occupied  in  this  manner. 
July  23,  exercise  was  deferred  until  a  feeding  experiment  with  400  grams  bread 
and  SOO  grams  glucoM  could  be  carried  out  in  the  ice  room  in  comparison  with  the 
one  at  summer  temperature  on  July  21. 


vuia 

^^..«. 

'"V^^H,?^ 

luir  ».*ifraa>M 

0.X24 
0.147 
0.141 

pvcdU 

The  lower  sugar  curve  on  July  23  may  have  been  partly  the  remit  of  the  pre- 
ceding day's  exercise,  but  at  least  augured  failure  for  the  undertaking.  The  pro- 
gram of  combined  exercise  aad  cold  was  continued  daily,  with  addition  of  as  much 
as  600  grama  of  glucose  to  the  bread  diet,  up  to  the  time  of  the  second  operation 
on  August  7.  Thestrong  animal  merely  thrived  on  the  program,  and  such  diabetic 
tendency  as  had  seemed  to  be  present  disappeared. 

Dog  BI-71.  June  3,  1914,  at  a  normal  weight  of  14.7  kilos,  oine-tenths  of  the 
pancreas  were  removed.  In  July,  191S  the  dog  was  still  inastateofmoderatedia- 
betes,  kept  sugar-free  on  meat  diet,  at  a  weight  of  12,5  kilos,  and  was  used  for  exer- 
cise and  other  experiments.  Some  tests  were  then  performed  with  feeding  30 
grams  of  bread,  following  only  the  urine  without  blood  analyses.  The  regular 
lung  diet  was  given  each  evening  after  completion  of  the  test. 


™-«- 

Voluma 

Glucw 

«. 

iwunt 

July  28 

2:30  p.m 

0 

Fed  50  grams  bread 

6:00  p.m 

38 

0.28 

July  29 

2:30  p.m 

0 

Fed  50  grams  bread  and  placed  in  ice 
room 

6:00  p.m 

47 

0 

July  30 

10:00  a.m 

0 

Fed  SO  grams  bread  and  placed  in  ice 

6:00  p.m 

214 

Trace 

Returned  to  summer  temperature 

July  31 

10:00  a.m 

0 

Fed  50  grams  bread 

5:00  p.m 

276 

04 
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In  this  experiment  there  waa  diatinctly  greater  glycosuria  on  July  28  and  31 
in  warm  summer  weather  than  an  July  29  and  30  at  freezing  temperature. 

Dog  CS-00.  Female;  fox  terrier  mongrel;  white  and  brown;  age  5  years;  good 
condition;  weight  4.5  kilos.  May  6,  1915,  removal  of  pancreatic  tissue  weighing 
11  grams.  Remnant  about  main  duct  eatimated  at  1.25  grama  (,\).  As  some- 
times happens  in  small  dogs,  glycosuria  was  absent  on  full  meat  diet  even  with 
this  small  pancreas  remnant.  On  May  15  a  change  to  bread  and  aoup  promptly 
brought  heavy  glycosuria,  which  ceased  with  a  return  to  meat  diet  on  May  21. 
A  fined  diet  of  750  grams  lung  was  then  given  daily,  but  waa  not  always  eaten  com- 
pletely. After  continuous  absence  of  glycosuria,  the  dog  was  transferred  to  the 
ice  room  on  May  29,  and  in  the  following  24  hours  excreted  0.45  per  cent  sugar  in 
375  cc.  urine.  Glycosuria  then  continued  absent  on  the  same  diet  as  before,  until 
on  June  7  the  dog  waa  removed  from  the  ice  room.  At  summer  temperature  a 
return  to  bread  and  soup  diet  produced  immediate  heavy  glycosuria.  Accord- 
ingly, in  this  experiment  cold  failed  to  maintain  glycosuria  on  meat  diet  in  a  dog 
which  was  demonstrably  diabetic  as  proved  by  glycosuria  on  bread  diet. 

In  August  the  same  dog  was  tested  with  the  aid  of  plasma  sugar  analyses  on  a 
regular  diet  of  500  grama  lung  and  SO  grams  auet.    There  was  no  glycosuria. 


T.« 

'^.*«'r; 

-.-.B« 

twnni 

August  10 

10:45  ft.m 

0-135 

Immediately  after  this  bleeding,  transferred  to 

12:00  noon 

0.122 

ice 

4:45  p.m 

0.141 

August  15 

12:30  p.m 

0.182 

August  16 

12:45  p.m 

0.098 

4:45  p.m 

0.112 

from  ice  room  to  summer  temperature 

August  18 

12:00  noon 

0.167 

Summer  temperature 

5:25  p.m 

0.143 

DogBSSS 

Colftrol 

tS" 

November 

■'-r 

Eiereiee 

Tine 

0.128 
0-286 

0,189 
0.250 
0.257 

0  131 
0.222 
0.233 

0,122 
0.271 

0.162 
0.263 
0.189 

Blood  before  feeding 
J  hour  after  feeding 
2  hours  after  feeding 
4  hours  after  feeding 
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Dog  Bt-88,  with  mild  diabetes,  received  test  meala  of  200  grftms  bread  aad  100 
grams  beef  lung.  The  plasma  sugar  curve  seemed  to  vary  chiefly  aceoTding  to  the 
initial  figure,  without  much  influence  of  any  of  the  special  measures  employed. 
Thus,  both  figures  on  November  15  are  a  trifle  higher  than  on  November  23  in  the 
refrigerator.  Also  the  differences  between  November  18,  20  and  26  seemed  to  b* 
governed  chiefly  by  the  level  on  which  the  plasma  sugar  started.  Cold  at  least 
did  not  elevate  the  plasma  sugar. 

Dog  BM-S8.  Female;  mongtel;  yellowy  age  3  years;  good  condition;  weight  11.8 
kilos.  Fasting  was  begun  May  4, 1014,  and  by  May  21  the  weight  was  reduced  to 
9.1  kilos.  It  was  thus  possible  to  remove  H  of  the  pancreas  on  this  date  with 
only  ft  moderate  degree  of  diabetes  resulting.  After  various  tests,  the  tolerance 
was  spared  by  a  low  protein  diet,  which  could  be  gradually  increased  by  October 
20  to  I  kilo  of  beef  lung  daily,  without  glycosuria.  The  weight  gradually  rose  by 
December  24  to  12,3  kilos,  on  which  date  the  first  glycosuria  appeared.  About 
the  same  time  the  dog  began  to  leave  part  of  the  diet  uneaten,  and  the  weight  thus 
fluctuated  and  in  general  fell.  The  partial  checking  of  glycosuria,  and  its  daily 
variations,  are  thus  accounted  for.  Beginning  Januarys,  1915,  tbe  dog's  cage  was 
kept  outdoors,  in  order  to  t«st  tbe  effect  of  cold  upon  tbe  diabetes  either  directly, 
through  stimulation  of  appetite  or  in  any  other  way.  The  dog  had  time  to  be- 
come acclimated  because  the  weather  was  fairly  mild  at  first,  but  after  January  20 
it  turned  decidedly  colder,  and  there  were  several  days  with  considerable  snow 
and  ice.  As  the  dog  was  short-haired,  she  was  shivering  practically  continuously 
while  outdoors,  but  passed  through  even  the  coldest  weather  without  actual 
impairment  of  health.  The  rectal  temperature  remained  normal.  Contrary  to 
expectation,  the  amount  of  food  eaten  was  not  appreciably  different  in  the  cold 
environment.  After  February  12  the  glycosuria  was  checked  by  fasting.  The 
experiment  seems  to  indicate  a  slight  increase  of  glycosuria  by  cold,  but  the  in6u- 
ence  certainly  was  not  great. 

Doif  B$-^8 
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Volume 

GIUHH 

t,«. 

«. 

ptroM 

December  24 

320 

1.0 

25 

585 

0.6 

26 

12,8 

470 

Faint 

27 

385 

02 

28 

950 

Faint 

29 

355 

0 

30 

12,7 

384 

0 

January      1 

360 

0 

2 

500 

0 

3 

632 

0 

4 

650 

Faint 
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Dog  Bt-^8— Concluded 
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Dog  BtSB.  This  female  mongrel,  weighing  13  kilos,  underwent  puiial  p«a- 
createctomy  on  April  12,  1915,  leaving  a  remnant  of  A-  Under  regulated  diets, 
the  condition  by  the  end  of  June  was  such  that  glycosuria  was  absent  at  a  weight 
of  10.3  kiloa  on  a  diet  of  1  kilo  of  lung,  but  aubatitution  of  260  grams  lung  b^  SO 
grams  bread  (making  750  grams  lung  and  50  grams  bread)  caused  glycosuri»  of 
0.7S  per  cent  in  462  cc.  urine  on  June  30  and  0.71  per  cent  in  bO  cc.  urine  on 
July  1.  On  the  latter  date  the  diet  o(  1  kilo  of  lung  without  bread  was  resunwd, 
and  glycosuria  immediately  ceased  (4).  On  July  2  the  dog  was  transferred  to 
the  ice  room,  in  order  to  test  whether  the  influence  of  cold  would  amount  to  u 
much  as  the  above  difference  between  carbohydrate  and  protein.  The  dog  wa* 
left  ia  the  ice  room  until  July  26.  Traces  of  glycosuria  were  present  on  nvost  dayi 
during  thin  time,  but  only  twice  reached  titratable  amounts  (0^  per  cent  on 
July  14,  0.25  per  cent  on  July  21).  A  single  day  of  exercise  on  July  22  abolished 
the  glycosuria,  which  returned  on  July  24.  It  was  present  also  on  July  25  and  28, 
and  then  was  continuously  absent  during  a  control  period  up  to  August  5  at  sum- 
mer temperature.  As  the  weight  (ell  to  9.7  kilos  during  the  period  in  the  refriger^ 
tor,  the  experiment  seems  to  indicate  a  slight  increase  of  diabetic  tendency  due  b> 
cold.  The  difference  due  to  temperature,  however,  was  evidently  less  than  Uw 
difference  between  the  preformed  carbohydrate  of  50  grams  of  bread  and  its 
approximate  equivalent  of  potential  carbohydrate  in  protein.  The  tolerance  had 
fallen  somewhat,  for  the  giving  of  SO  grams  of  bread  on  August  IS  resulted  in  a 
glycosuria  of  1.4  per  cent. 

Glycosuria  remained  absent  on  the  lung  diet  to  September  17.  On  that  day 
at  9 :30  a.m.  the  plasma  sugar  was  0.143  per  cent,  the  rectal  temperature  101.4*  F. 
The  dog  was  then  placed  in  the  ice  room  fasting.  At  4  p.m.  the  plasma  sugar 
was  0.151  per  cent,  the  rectal  temperature  100.7°?.  The  usual  lung  diet  was  then 
fed  and  the  dog  left  in  the  ice  room.  The  next  morning  there  was  a  glycosuria 
of  0.42  per  cent  in  567  cc.  urine,  and  the  plasma  sugar  at  9:30  a.m.  was  0.164  per 
cent.  The  urine  of  the  next  24  hours  was  492  cc,  with  1.9  per  cent  sugar.  At 
9:30  a.m.  on  September  19  the  rcctrf  temperature  was  I01.5°F.  Glycosuria  then 
ceased  abruptly,  as  though  the  reserve  of  extra  carbohydrate  had  been  exhausted. 
At  9:30  a.m.  on  September  20  the  plasma  sugar  was  0.146  per  cent.  The  dog  was 
then  transferred  to  the  warm  animal  room,  and  at  9:30a.m.  on  September 21  tb« 
plasma  sugar  was  0,133  per  cent,  the  rectal  temperature  101  .TF. 

During  the  following  days  the  weather  turned  colder.  The  night  of  September 
23-24  was  particularly  sharp,  and  the  door  of  the  animal  room  blew  open,  so  that 
the  room  was  cold  and  the  dogs  all  shivering.  This  dog  was  one  of  five  potentially 
diabetic  animals  (out  of  about  twenty)  which  had  been  kept  sugar-free  on  regu- 
lated diets  and  which  showed  sudden  glycosuria  on  this  night. 
.  Subsequently,  at  a  body  weight  of  15  kilos  and  correspondingly  reduced  tol- 
erance,  a  comparison  was  made  in  this  dog  of  the  feeding  of  1  kilo  of  meat  in  a 
warm  room  and  in  the  ice  room. 
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The  later  observationB  showed  a  decided  iafluence  of  cold  for  the  production 
of  hypei^ljrcemia  and  glycosuria.  It  is  possible  that  this  effect  became  greater 
as  the  diabetes  became  more  Mvere. 


Dog  BS-79 
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Cold 
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Novembtr  M. 
Cold 

JHTCtnl 

0.133 
0.2X3 
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iwctnl 
0.2fi0 

0.416 
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0 
Faint 
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0 
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Faint 
5.00 
5.90 
3.53 

Blood  before  feedii^ 
1  hour  after  feeding 
,4  hours  after  feeding 
6  hours  after  feeding 

Dog  Bt-76  was  an  animal  which  had  long  been  kept  in  a  stage  of  diabetes  such 
that  there  was  marked  hyperglycemia  and  occasional  glytnsuria  on  a  diet  of  1 
kilo  of  beef  lung,  the  condition  being  held  in  check  by  fasting  when  necessary. 
The  above  record  shows  a  strong  contrast  in  hyperglycemia  and  glycosuria  on 
days  spent  in  a  warm  room  and  in  the  ice  room  respectively.  The  rise  of  blood 
sugar  after  eating  the  usual  kilo  of  lung  was  somewhat  similar  on  the  two  days, 
but  the  entire  curve  was  on  a  much  higher  level  in  the  cold  environment.  It  waa 
not  established  (bat  this  difference  was  due  entirely  to  the  temperature,  because 
no  comparison  was  made  of  the  blood  sugar  before  and  after  moving  into  the 
refrigerator  on  November  30.  Therefore  on  December  2  the  plasma  sugar  was 
determined  fasting  at  11:40  a.m.  and  found  to  be  0.164  per  cent.  The  dog  was 
then  moved  into  the  cold  room,  and  at  5:40  p.m.  the  plasma  sugar  (still  fasting) 
was  found  to  be  0.185  per  cent. 

Likewise  dog  C3-10,  weighing  13.8  hiloe,  was  partially  depancreatised  on  June 
23, 1015,  leaving  a  remnant  of  -^i  to  I'j.  In  August  at  a  weight  of  11  kilos,  the 
degree  of  diabetes  was  such  that  a  diet  of  500  grams  lung  was  slightly  in  excess  of 
the  tolerance.  On  August  7  the  fasting  plasms  sugar  at  10:30  a.m.  was  0.156 
percent  and  at  4:30  p.m.  0.120  per  cent.  The  dog,  still  fasting,  was  then  moved 
to  the  ice  room,  where  the  plasma  sugar  was  found  to  be  0.167  per  cent  at  7  p.m. 
and  0.133  per  cent  at  9:45  p.m.  Here  a  falling  blood  sugar  due  to  fasting  was 
evidently  raised  by  cold,  and  then  continued  to  fall  slightly. 
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DIBCUSSION 

The  elevation  of  blood  sugar  by  cold  is  so  generally  accepted  as  a 
truism  that  it  was  a  surprise  to  encounter  instances  in  which  the  sugar 
was  little  changed  or  actually  lower  in  a  cold  environment.  It  was  not 
feasible  to  extend  the  investigation  further  into  the  ph)-siological 
reaction  to  cold.  Supposedly  the  blood  sugar  is  Koverncd  by  two 
factors,  namely  the  mobilization  and  the  disposal  of  carbohydrate. 
It  is  conceivable  that  in  a  perfectly  smoothly  workinK  reaction  the  two 
may  exactly  balance.  Under  some  conditions  shivering  may  perhaps 
reduce  the  blood  sugar  Uke  other  forms  of  muscular  activity.  Under 
other  conditions  hyperglycemia  may  occur,  particularly  when  the  cold 
stimulus  is  sufficiently  violent,  as  for  example  in  the  case  of  plunging 
into  ice  water.  Here  the  stimulation  is  so  powerful,  sometimes  to  a 
pathological  degree,  that  a  correspondingly  excessive  sugar  discharge 
may  be  expected,  and  in  the  most  extreme  cases  possibly  the  utilization 
of  sugar  suffers  somewhat.  Hypei^lycemia  and  glycosuria  may  be 
more  readily  produced  when  the  utilization  of  sugar  is  specificaJly 
impaired,  as  in  the  more  severe  grades  of  diabetes.  In  a  similar  way 
exercise  sometimes  raises  the  blood  sugar  instead  of  lowering  it. 

Violent  or  pathological  stimulation  by  cold  was  not  applicable  in 
experiments  designed  to  produce  diabetes,  because  the  animals'  health 
would  suffer  and  ill  health  would  be  the  surest  way  to  spoil  the  rcsuh 
and  prevent  diabetes.  A  more  powerful  temporary  discharge  of  sugar 
might  occur,  but  it  would  cease  as  soon  as  the  immediate  store  was 
exhausted.  Such  discharge  and  cessation  wa^  actually  seen  in  certain 
of  these  experiments,  without  any  lasting  diabetogenic  effect.  .\s 
usual,  clear  thinking  requires  a  dbtinction  between  diabetes,  which  is 
deficiency  of  the  pancreatic  function,  and  mere  glycosuria.  The  mere 
excessive  discharge  of  sugar  from  the  glycogen  depots  is  not  diabetes, 
for  the  power  of  utilization  may  remain  unimpaired.  This  has  been 
abundantly  proved,  for  example,  in  such  a  condition  as  epinephrin 
glycosuria  (5).  It  is  also  not  diabetes  if  the  utiUzation  of  sugar  is 
depressed  by  any  extraneous  mechanism,  such  as  the  chilling  of  the 
muscles  or  their  nervous  supply,  but  only  if  the  impairment  of  utili- 
zation is  due  to  impairment  Of  the  pancreatic  function.  If  the  glyco- 
suria produced  by  cold  is  regarded  as  a  diabetes,  cold  must  be  a  very 
powerful  diabetogenic  agent  to  cause  even  a  temporary  diabetes  in  a 
normal  animal,  for  it  must  thus  temporarily  paralyze  about  nine-tenths 
of  the  function  of  the  dog's  pancreas.    Trial  of  this  agent  in  animals 
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depancreatized  slmost  to  the  point  of  diabetes  proves  that  it  possesses 
DO  such  power;  and  as  the  effect  in  these  animals  is  not  greatly  different 
from  that  in  normal  animals,  cold  evidently  does  not  act  by  direct 
depression  of  the  pancreatic  function.  Its  indirect  influence  upon 
diabetes  through  increasing  metabolism  is  a  much  more  delicate  point 
to  demonstrate,  and  the  question  is  ailswered  only  somewhat  doubtfully 
in  the  affirmative  by  some  of  the  above  experiments. 

CONCLUSIONS 

1.  Cold  environment,  such  as  did  not  lower  the  rectal  temperature 
to  any  important  extent,  in  some  instances  failed  to  affect  the  plasma 
sugar  of  dc^  or  slightly  lowered  it,  but  in  the  majority  of  experiments 
produced  hyperglycemia  and  sometimes  glycosuria.  These  were  pro- 
duced more  easily  and  in  higher  degree  in  proportion  as  the  power  of 
sugar  utilization  was  impaired,  i.e.,  as  the  diabetes  was  more  severe. 

2.  The  power  to  produce  glycosuria  is  to  be  distinguished  from  the 
power  to  produce  diabetes.  There  is  no  demonstrable  difference  in 
the  proportion  of  pancreatic  tissue  that  must  be  removed  to  produce 
diabetes  in  dogs  in  warm  or  cold  environment,  and  it  was  proved  by 
successive  operations  upon  the  same  animals  that  the  influence  of  cold 
is  not  equivalent  to  the  removal  of  the  smallest  fraction  of  a  gram  of 
pancreatic  tissue.  In  animals  already  diabetic,  the  course  of  the 
diabetes  in  a  few  instances  seemed  to  be  influenced  shghtly  for  the  worse, 
so  as  perhaps  to  warrant  the  conclusion  that  cold  imposes  an  increased 
burden  upon  the  pancreatic  function  by  increasing  metabolism.  But 
the  sUghtness  of  this  influence  is  emphasized  by  control  experiments; 
for  example,  it  amounts  to  less  than  the  difference  between  the  pre-  ■ 
formed  carbohydrate  of  50  grams  of  bread  and  the  approximate  equiva- 
lent of  potential  carbohydrate  in  protein, 

3.  The  impression  that  diabetic  patients  do  worse  in  cold  weather 
is  probably  explainable  by  the  discomfort  of  chilliness  when  they  are 
undernourished,  the  tendency  to  take  more  food,  and  sometimes  by 
the  limitation  of  exercise.  These  may  be  important  sometimes  from 
a  practical  standpoint,  but  any  direct  influence  of  climate  upon  diabetes 
must  be  very  slight  if  it  exists. 
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•  An  influence  upon  the  production  of  diabetes  may  conceivably  be 
expected  from  the  conditions  of  extreme  age  or  youth. 

Senility.  The  relation  of  senility  to  experimental  diabetes  may  have 
interest  from  at  least  three  standpoints:  a,  The  total  metabolism  is 
known  to  be  slightly  lowered  in  old  age;  b,  diabetes  in  elderly  patients 
is  generally  characterized  by  a  mild  and  prolonged  course;  c,  the  increas- 
ii^  incidence  of  diabetes  with  the  advance  of  age  suggests  the  possi- 
bility of  functional  or  organic  impairment  of  the  pancreas. 

Toothless  decrepit  senility  is  familiar  in  d(^,  and  there  is  reason 
to  expect  as  great  metabolic  changes  &a  in  aged  human  bein^.  Obesity 
is  also  c«mnon  in  such  animals,  so  that  a  number  of  them  had  to  be 
included  in  a  previous  paper  (1).  A  comparison  of  the  relation  of 
pancreas  weight  to  body  weight  was  made  in  fourteen  d(^,  which 
showed  extreme  senility  together  with  an  average  nutritive  state. 

From  a  comparison  of  table  1  with  a  similar  study  of  normal  adult 
dogs  (2),  it  may  be  inferred  that  there  is  no  gross  change,  in  particular 
no  atrophy  of  the  pancreas  accompanying  senility. 

The  susceptibility  of  obese  senile  dc^  to  diabetes  could  seldom  be 
determined,  owing  to  the  sudden  death  to  which  they  are  subject 
following  pancreas  operations,  as  previously  mentioned  (3).  Such 
operations  were  performed  without  accidents  in  senile. dogs  without 
obesity,  and  these  were  used  for  diabetic  experiments  in  the  same  way 
as  younger  do^.  No  experiments  were  performed  to  determine  the 
precise  proportion  of  pancreas  that  must  be  removed  to  produce  diabetes, 
but  the  incidental  observations  were  sufficient  to  exclude  any  marked 
differences  from  average  adult  dogs.     The  senile  animals  were  some- 
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what  weaker  and  more  subject  to  loss  of  appetite  and  cachexia.  Other- 
wise their  diabetea  ran  a  course  indistinguishable  from  that  of  younger 
animals.  The  experimental  answers  may  therefore  be  stated  in  the 
following  form,  corresponding  to  the  questions  raised  above. 


Relation  of  pajtcreaa  toeighl  to  body  wtight  tn  tenile  dcft 
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46.4 
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39.6 

1.81 

14 

25,1 

41.4 
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a.  The  lowered  metabolism  characteristic  of  senility  does  not  render 
dogs  less  susceptible  to  diabetes  from  pancreatic  resection^  As  the 
reduction  of  metabolism  with  age  is  slight,  and  the  method  of  jutting 
susceptibility  by  the  size  of  the  pancreas  remnant  with  which  diabetes 
occurs  is  a  crude  one  according  to  former  observations,  too  much  stress 
need  not  be  laid  upon  these  negative  findings. 

b.  A  more  decisive  observation  is  that  diabetes  dora  not  run  any 
slower  course  in  senile  animals,  but  follows  the  same  rapid  progress 
which  is  generally  characteristic  of  diabetes  in  dogs. 

c.  If  there  were  any  anatomic  or  functional  deterioration  of  the 
pancreas  with  age,  a  remnant  of  a  given  size  might  be  expected  to  be 
leas  efficient  in  preventing  diabetes  than  in  younger  animals.  Ad 
increased  susceptibility  to  diabetes  in  this  sense  is  excluded  by  the 
observations.  The  microscopic  study,  as  reported  in  subsequent  papers, 
showed  no  visible  abnormalities  resulting  from  simple  senility.  Pan- 
creatitis is  much  rarer  in  dc^  than  in  human  beings,  and  is  apparently 
due  to  causes  independent  of  age.     Also  there  is  no  such  arteriosclerosis 
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in  Benile  dogs  as  in  man,  and  it  can  by  no  means  be  said  that  a  dog 
"is  as  old  as  his  arteries."  Also,  aa  previously  mentioned  (2),  the 
pancreas  remnant  of  a  senile  dog  may  possess  as  ji^reat  power  of  hyper- 
trophy as  that  of  any  younger  animal. 

Numerous  glucose  tolerance  tests  have  been  performed  indiscrimi- 
nately upon  old  and  young  adult  dogs,  and  no  indications  of  alteration 
of  assimilation  with  age  have  been  found. 

In  general  these  observations,  made  upon  a  species  practically  free 
from  the  pancreatic  changes  to  which  man  is  subject  with  advancing 
years,  indicate  that  the  rising  incidence  and  special  characteristics  of 
diabetes  in  older  persons  are  due  to  the  changes  in  question  and  not 
to  senility  per  se, 

Youih.  The  outstanding  feature  of  experimental  interest  is  the 
characteristically  rapid  and  fatal  course  of  diabetes  in  children.  This 
has  often  been  attributed  hypothetically  to  their  high  metabolism, 
which  imposes  a  heavier  burden  upon  the  pancreatic  function.  There 
is  also  good  evidence  that  this  rapid  downward  progress  indicates  a 
susceptibility  of  the  islands  of  Langerhans  to  rapid  destruction  by 
hydropic  degeneration.  As  there  are  occasional  cases  of  acute  and 
severe  diabetes  in  the  aged  and  of  mild  and  prolonged  diabetes  in 
children,  there  is  no  absolute  distinction  on  the  basis  of  either  the  level 
of  metabolism  or  the  island  changes. 

Diabct-es  is  also  less  frequent  in  children  than  in  older  persons.  In 
seeking  possible  reasons,  it  might  be  imagined  that  the  youthful  pan- 
creas is  larger  in  proportion  to  the  body,  that  it  is  anatomically  richer 
in  islands  or  that  those  have  stronger  functional  power,  or  that  the 
capacity  for  regeneration  after  injuries  is  greater.  According  to  work 
previously  reviewed  (4),  especially  that  of  Bensley,  the  pancreas  at 
birth  probably  contains  as  many  islands  as  the  adult  organ,  but  during 
early  life  there  is  probably  a  loss  followed  by  a  gradual  new  formation 
of  islands.  Observations  on  the  gross  relations  of  the  pancreas  in 
puppies  are  contained  in  tables  2  to  6.  They  indicate,  in  comparison 
with  those  on  adult  dc^  (2),  that  the  ratio  of  pancreas  weight  to  body 
weight  in  puppies  is  not  lai^e  but  rather  small  in  proportion  to  what 
might  be  expected  from  the  small  size  of  the  animals;  that  the  tendency 
to  regeneration  is  often  marked  but  yet  not  in  excess  of  that  often 
found  in  adults;  and  that  the  tendency  to  diabetes  is  at  least  no  greater 
and  often  is  distinctly  less  than  in  adult  dogs. 

In  quahfication  of  this  statement,  it  should  be  noticed  that  the 
observations  do  not  exclude  possible  alterations  of  the  ratio  of  pancreas 
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TABLE  1 

Litter  of  black  and  tan  mongrel  pupa.    Weight  of  mother,  17  kilat 


...... 

"" 

.o. 

.o«™.-. 

■'f^.;" 

riimiSA* 

len. 

tram 

^■H 

1 

Male 

Newborn 

0.3 

0.6 

20 

2 

Male 

Newborn 

0.3 

0.6 

20 

3 

Female 

Newborn 

0.2 

0,4 

2.0 

4 

Female 

0.3 

0.6 

1,67 

5 

\rale 

0.3 

0.6 

2.0 

6 

Female 

Newborn 

0.3 

0.7 

2.33 

7 

Male 

0.4 

0.8 

2.0 

8 

Female 

Newborn 

0.3 

0.9 

3.0 

9 

Male 

Newboni 

0.3 

0,6 

2.0 

10 

Male 

Newborn 

0.3 

0.8 

2.66 

U 

Female 

Newborn 

0,3 

0.6 

2.0 

TABLE  3 

Litter  of  harrier  mongrel  pup*.    Weight  of  mother  IS  h 


riinuia 

"'-'•"■' 

'" 

"""" 

"ISSiT" 

ktm. 

mn 

vraiu 

1 

Female 

1  day 

0.2 

0.3 

1.3 

2 

Male 

1  day 

0.2 

0.3 

1.5 

3 

Male 

Iday 

0.3 

0.6 

2.0 

4 

Male 

Iday 

0.3 

0.4 

1.33 

5 

Male 

1  day 

0.3, 

0.7 

2.33 

6 

Male 

Iday 

0.2 

0.7 

3.50 

TABLE  4 
Litter  of  spaniel  mongrel  pupi.     Weight  of  mother,  16  kilot 


.c.»» 

.« 

.„,..„„ 

T.^sr 

EiuraaiK 

*lFm, 

«raf« 

m<u 

1 

Slightly  premature 

0.2 

0,7 

3.6 

2 

Slightly  premnturp 

0,2 

0,6 

3.0 

3 

Slightly  premature 

0,3 

0,8 

2.67 

4 

Slightly  premature 

0,3 

0,6 

2.0 

3 

2  days 

0.3 

0,9 

3.0 

6    , 

3  weeks 

06 

2.1 

3.5 
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weight  to  body  weight  with  age.  In  other  words,  there  is  no  proof 
that  a  puppy  having  a  certain  ratio  will  maintain  this  same  ratio  up 
to  adult  age.    In  tables  4  and  5  no  great  change  was  noticed  in  the 

TABLE  i 

Litter  of  yeUow  and  brown  mongrel  pupt.    Weight  of  mother,  tt.B  kUot 


NU>..» 

AC. 

Boot  WStOBT 

P.KCH.„«,a„ 

"^:i.'^.nr 

hgm. 

«nmt 

trrsfu. 

1 

iweek 

0.3 

1.1 

3.67 

2 

iweek 

0.4 

1.7 

4.25 

3 

iweek 

0.4 

1.3 

325 

4 

2  weeks 

0.6 

2.6 

4.33 

5 

2  weeks 

0.7 

2.8 

4.00 

TABLE  A 

Relation  of  pancreae  ireight  to  body  tueight  in  puppies 


PANCBEAB 

*"""'" 

AOE 

BODY  WEJOHT 

'"^^ 

"^"r" 

kern. 

ar<'m. 

anmt 

1 

1  week  premature 

0.1 

0.2 

2,0 

2 

0.1 

0.2 

2.0 

3 

1  month 

0.7 

2.2 

3,14 

4 

1  month 

1.5 

7.1 

4.74 

5 

1)  months 

2.1 

4.1 

1.05 

6 

1}  months 

1.3 

2.6 

2.00 

7 

2  months 

0.9 

3.6 

3.89 

8 

2  months 

2.3 

5.1 

2.22 

9 

2  months 

2.0 

5.9 

2,85 

10 

2  months    " 

1.8 

6.8 

3,22 

11 

2  months 

4.3 

8.4 

1  95 

12 

2  months 

2,3 

7.4 

3.21 

13 

2i  months 

1-8 

7.4 

4.10 

14 

2i  months 

2.5 

5,7 

2-28 

15 

3  months 

2.5 

12.2 

4,89 

16 

3  months 

2.3 

5.2 

2.26 

17 

6  months 

3.9 

13.8 

3.64 

18 

7  months 

2,5 

11.4 

4.55 

ratio  up  to  2  or  3  weeks  of  age,  using  other  pups  of  the  same  litter  as 
controls.  The  ratios  varied  widely  among  the  different  pups  in  table 
6.  They  were  sometimes  larger  in  the  smaller  breeds,  as  found  for 
adult  dogs  (2),  but  the  rule  was  not  uniform.    The  state  of  nutrition 
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TABLE  7 
Partial  pancreatectomies  in  puppiei 


BE> 

*Ql 

-ISS^ 

ncroCT 

rxK 

^;;r 

tlOM 

.=; 

■EHIKC* 

m>-U. 

tflm. 

ffron. 

from. 

07-ain. 

«'■>» 

1 

I 

3.0 

13.2 

4,4 

0.8 

/,-f. 

0.8-1,02 

2 

2 

1.9 

9.7 

5.1 

1.3 

H 

1.3-5.7 

Transitory  glycoiurU. 
Mild    diabetes     pro- 
duced by  removal  of 
additioDal  12  grams 

3 

2 

1-7 

8» 

5.2 

0.7 

/,-:, 

0,7-0.4 

Cachexia.  Weight  1 
kgm.  at  autopsy. 
Probably  mild  dia- 
betes 

4 

3 

2.5 

11.0 

4.4 

0.5 

V. 

05-0,6 

Cachexia.  Mild  dUbe- 
tes 

S 

3 

2.1 

10.8 

5,1 

3.0 

i-i 

Diabetes  nut  produced 
even  by  circulatory 
stasis 

6 

3 

39 

17.8 

40 

6.7 

1 

Diabetes  oot  produced 
even  by  circulatory 
stasis 

7 

3 

2.0 

160 

8,0 

2,7 

1 

2.7-S.3 

No  diabetes 

8 

3 

2.1 

8.3 

3.9 

0.8 

A 

Thin,  no  glycosuria 

9 

4 

3.7 

15.8 

4.3 

15 

A 

Asflimilated  5  grams  o[ 
glucose  per  kilogram 

10 

4 

8.4 

27  6 

3  3 

4.6 

Removal  of  3.6  grams 
additional  tissue  in  6 
operations  r«quir«d 
to  bring  on  diabetes. 
Remnant  at  autopsy 

was  then  1.1  grams 

11 

fi 

1.9 

7.8 

4.1 

0.6 

i 

0.9-1.0 

12 

«* 

5.3 

2S.8 

4.9 

4.4 

1 

5.4-8.4 

No  diabetes 

13 

6 

8.0 

22.5 

2.S 

9.3 

K 

14 

6 

3.8 

8,5 

2,2 

1.0 

i-l 

15 

7 

5.9 

20.1 

3.4 

17 

A 

Peritonitis,    no    glyoo- 

16 

7 

5  9 

15,0 

2,54 

i.a 

>-/• 

Diabetes  stopped  by 
distemper 

17 

7 

34 

9.3 

2.74 

1,5 

i 

Cachexia,  no  glycosuria 

18 

7 

4  4 

Sfl 

202 

1.0 

Diabetes,  mild,  transi- 

19 

8 

7.2 

19.8 

2,75 

1.8 

,",  '         !      ■ 

,,Google 


EXPERIMENTAL  STUDIES  IN    DIABETES 
TABLE  J—ContlvJti 


BBB 

AOE 

.■.r„ 

iE, 

b15- 

OTBEM- 

H' 

'""" 

„-..„ 

moallu 

*»«. 

gramt 

0r>n< 

mm< 

uraou 

20 

9 

5.S 

21.5 

3.71 

1,3 

A 

Diabetes  prevented  by 

21 

9 

2,7 

1(15 

3.9(1 

1.0 

tV 

PeritonitU,  do  diabetes 

22 

9 

7.4 

24.8 

3.30 

2.5 

A 

Severe  diabetes  even 
during  fasting 

23 

9 

7.1 

26.2 

3,66 

3,0 

* 

3,0-1.95 

Severe  diabetes  checked 
by  cachexia.  Emaci- 
ated to5.3kgni. 

24 

9 

10.3 

30.9 

3,00 

3.1 

A 

Consid- 
erable 

25 

11 

4.1 

14,3 

3.50 

1.1 

A 

1.1-2,2 

Cachexia,  no  diabetes 

or  rate  of  growth  is  probably  an  important  factor.  The  differences 
found  among  animals  of  the  same  litter  at  the  same  age  in  tables  2 
and  3  interfere  seriously  with  studies  based  on  any  method  of  controls. 

Partially  depancreatized  puppies  are  especially  liable  to  cachexia 
from  respiratory  infections  or  diarrhea,  so  that  diabetes  is  often  thus 
suppressed  and  the  experiments  spoiled.  The  above  statement  con- 
cerning the  relatively  slight  disposition  to  diabetes  is  based  on  animals 
which  remained  vigorous  and  thriving  after  operation.  It  is  the  more 
striking  in  view  of  the  fact  that  the  sugar  tolerance  of  the  young  is 
distinctly  less  than  that  of  adult  normal  animals  [5).  A  scries  of- 
observations  was  made  upon  the  question  whether  partial  pancreatec- 
tomy short  of  diabetes  interferes  with  the  growth  or  health  of  puppies, 
with  negative  results  except  for  the  temporary  backset  due  to  the 
operation,  and  a  possible  specific  inhibition  of  development  of  sexual 
and  other  adult  characters.  Anything  in  the  nature  of  a  masked  dia- 
betes or  other  fatal  metabolic  deficiency  seemed  to  be  excluded. 

As  explained  in  a  subsequent  publication  on  acidosis,  the  expectation 
that  puppies  might  prove  more  susceptible  than  adult  dogs  to  diabetic 
acidosis  was  entirely  disappointed.  Acidosis  was  absent  throughout 
the  reported  experiments  except  where  specially  mentioned. 

.\s  puppies  approach  adult  age,  they  approach  more  closely  to  the 
adult  behavior  respecting  diabetes.  After  about  the  ninth  month  they 
generally  react  like  adults  except  for  susceptibility  to  distemper. 
Nevertheless  in  pup  18  in  table  7  it  is  noticeable  that  diabetes  was 


,v  Google 


446  FREDERICK  M.  ALLEN 

transitory  with  a  pancreas  remnant  of  only  -^t-    Some  typical  records 
of  younger  puppies  are  the  foUowiog.' 

No.  QT-i$.  Male;  mongrel;  black  and  white;  age  1  month;  well  nourubsd; 
weight  3  kilos.  June  25, 1918,  removal  of  pancreatic  tissue  weighing  12.4  grama. 
KemnantaboutmaiiiducteBtim&tedatO.Sgramd'i  toi*?).  Following  operatioq 
there  was  diarrhea  and  loss  of  weight  but  no  glycosuria,  though  the  pup  lived  on 
bread  and  milk.  July  4,  0.32  gram  additional  pancreatic  tissue  was  removed. 
The  copdition  was  still  cachexia  without  glycosuria,  up  to  death  on  July  II. 
The  pancreas  remnant  weighed  0.7  gram,  and  was  too  badly  autolys«d  for  micro- 
scopic study.  In  the  tissue  removed  on  July  4,  the  acini'  wer«  normal  and  well 
&lled;  islands  were  present  in  normal  number  and  siie  but  showed  slight  distinct 
vacuolation.  This  hydropic  change  makes  it  probable  that  hyperglycemia  was 
present,  and  possibly  only  the  animal's  weakness  prevented  a  frank  diabetes. 
Acidosis  was  absent  as  usual. 

No.  Diss.  Female; mongrel;  aged  months;  brown  and  whit«;  well  nourished; 
weight  2.S  kilos.  November  9, 1916,  removal  of  pancreatic  tissue  weighing  10.5 
grams.  Remnant  about  main  duct  estimated  at  0.5  gram  (Vi).  Glycosuria  was 
brought  on  by  the  feeding  of  20  grams  meat  and  20  cc.  tnilk,  but  ceased  readily 
with  fasting.  Death  occurred  from  weakness,  notwithstanding  a  low  meat  diet, 
on  November  20.  The  pancreas  remnantweighed  0.6  gram,  and  was  not  examined 
microscopically.  The  pup  obviously  had  a  potentially  severe  diabetes,  but  dif- 
fered from  an  adult  dog  iu  that  glycosuria  did  not  b^in  spontaneously  and  was 
'  promptly  checked  by  fasting  and  low  diet,  with  such  a  very  small  pancreas 
remnant. 

No.  Di-Si  similarly  underwent  removal  of  8.2  grams  pancreatic  tiasue,  leaving 
a  remnant  estimated  at  0.65  gram  (1*1  to  1*4).  Glycosuria  could  readily  be  checked 
by  fasting,  but  on  full  meat  diet  was  as  high  as  1.2  per  cent.  Notwithstanding 
the  liveliness  following  operation  and  the  meat  diet,  the  weight  and  strength 
failed  rapidly.  The  animal  was  killed  when  moribund  on  the  tenth  day  after 
operation,  when  the  plasma  sugar  was  0.06  per  cent.  The  rapid  cachexia  was  the 
chief  point  of  difference  from  an  adult  dog. 

No.  G7-SS.  Female;  Boston  terrier;  brindle;  age  6  weeks;  good  nutrition; 
weigh  1 3.8  kilos.  June  17, 1918,  removal  of  pancreatic  tissue  weighing  13.1  grams. 
Remnant  about  main  duct  estimated  at  1.1  gram  (i^).  Glycosuria  remained 
absent,  first  on  beef  lung,  then  on  bread  and  soup  diet,  then  with  addition  of  SO 
grams  glucose.  June  26,  at  a  weight  of  3.5  kilos,  1  gram  additional  pancreatic 
tissue  was  removed,  the  remnant  having  undergone  marked  hypertrophy.  Gly- 
cosuria remained  absent  on  bread  and  milk  diet,  though  weight  was  lost.  July  4, 
0.95  gram  additional  pancreatic  tissue  was  removed.  The  animal  was  lively  and 
ate  considerable  lung  on  July  S,  then  gradually  lost  appetite  and  weight  while 
retaining  spirits  up  to  death  on  July  9.  Glycosuria  remained  absent.  The 
plasma  sugar  on  June  17  was  0.143  per  cent,  on  July  8,  0.162  per  cent.  The  pan- 
creas remnant  weighed  0.8  gram.  In  the  various  specimens  of  pancreas  from 
June  17  and  July  4  and  9,  inflammation  and  fibrosis  were  limited  to  the  peripheral 
areas.    In  the  central  portions  the  acini  were  well  filled,  sometimes  large  and 

'  All  operations  were  performed  under  ether  anesthesia. 
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irregular.  iBl&nds  were  normal  in  number  and  free  from  vacuoIatioD.  Here  the 
persistent  absence  of  diabetes  is  perhaps  attributable  to  the  hypertrophy  of  the 
pancreas  remnant. 

'  No.  EB-iO.  Male;  mongrel,  part  Newfoundland;  age  3J  months;  good  nutri- 
tion; weight  8.4  kilos.  May  14,  1917,  removal  of  pancreatic  tissue  weighing  23 
grams.  Remnant  about  main  duct  estimated  at  4.6  grams  (1).  Glycosuria  was 
absent  on  bread  and  soup  diet,  and  only  transitory  with  addition  of  100  grams 
glucose. 

May  24,  additional  pancreatic  tissue  weighing  0.9  gram  was  removed.  There 
was  obvious  hypertrophy  of  the  renmant  in  all  three  dimensions.  Thereafter 
glycosuria  was  absent  on  bread  diet,  and  could  be  maintained  only  by  increasing 
additions  of  glucose,  first  SO,  then  100,  then  200  grams  daily.  The  dosage  of  200 
grams  was  continued  from  June  6  to  27  with  only  traces  of  glycosuria  and  with  a 
gain  of  weight  to  9.3  kilos. 

June  27,  0.6  gram  additional  tissue- was  removed  from  the  pancreas  remnant, 
which  again  was  obviously  hypertrophic.  Thereafter  heavy  but  transitory  gly. 
cosuria  resulted  first  from  100  and  then  from  200  grams  glucose  added  to  the  bread 
diet. 

July  12,  an  additional  0.35  gram  of  pancreatic  tissue  was  removed,  the  we^ht 
then  being  9  J  kilos.  Glycosuria  was  then  heavy  with  addition  of  200  grams  glu- 
cose to  the  bread  diet,  but  ceased  July  19. 

July  20,  an  additional  0.4  gram  of  pancreatic  tissue  was  removed.  Glycosuria 
was  then  heavy  on  bread  and  soup  diet,  next  with  addition  of  glucose  up  to  200 
grams,  but  was  absent  after  July  29. 

August  31,  at  a  weight  of  10.6  kilos,  glycosuria  being  still  absent  on  the  bread 
diet  with  200  grams  glucose,  an  additional  0.52  gram  of  pancreatic  tissue  was 
removed.    Glycosuria  was  again  transitory. 

September  7,  an  additional  0.3  gram  of  pancreatic  tissue  was  removed  with  a 
similar  result,  glycosuria  ceasing  September  18. 

September  28,  an  additional  0.65  gram  of  pancreatic  tissue  was  removed. 
Glycosuria  was  then  continuous,  first  with  glucose,  then  on  plain  bread  and  soup, 
till  stopped  by  a  change  to  meat  diet  on  October  22.  It  may  be  noted  that  the 
downward  progress  was  slow  rather  than  rapid,  for  (he  glycosuria  of  many  adult 
dogs  after  3  weeks  reaches  a  point  where  it  cannot  be  stopped  by  fasting. 

The  pup  did  not  thrive  on  carbohydrate-free  diet,  suffered  from  indigestion, 
diarrhea  and  loss  uf  weight,  and  died  in  cachexia  November  16  at  a  weight  of  7 
kilos.  The  blood  sugar  was  low  during  this  period,  and  there  was  the  usual 
absence  of  acidosis. 

The  pancreas  remnant  weighed  1.1  gram.  Nothing  significant  was  found  in 
the  gross  autopsy,  or  in  the  microscopic  examination  of  the  liver,  kidneys,  adre- 
nals, thyroid  and  parathyroids.  Sections  from  the  pancreas  at  all  the  opera- 
tions and  at  autopsy  showed  normal  parenchyma  and  absence  of  hydropic 
degeneration.  Though  the  hypertrophy  may  have  gone  far  toward  preventing 
diabetes,  it  is  evident  from  the  repeated  operations  and  the  prolonged  carbo- 
hydrate excess  that  this  puppy  was  difficult  rather  than  easy  to  make  diabetic. 

No.  Di-tl.  Male;  mongrel;  age  7  months;  good  nutrition;  weight  6.7  kilos. 
September  15,  1916,  removal  of  pancreatic  tissue  weighing  24  grams.  Remnant 
about  main  duct  estimated  at  2.9  grams  (t).    Glycosuria  at  first  was  absent  on 
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moderate  quaatUies  of  milk,  but  waa  heavy  on  bread  feeding  September  18.  It 
waa  then  checked  by  faating,  and  kept  absent  on  a  diet  of  lung,  suet  and  100  grama 
bread.    The  animal  thrived  and  maintained  a  weight  of  about  7  kilos. 

December  5,  a  full  bread  diet  was  resumed,  and  heavy  glycoauria  returned 
promptly.  After  4  days  this  was  stopped  as  before.  The  animal  grew  to  adult 
life  on  a  diet  of  400  grama  lung,  100  grama  auet,  and  part  of  the  time  100  grama 
bread  or  100  cc.  milk.  Yeast  waa  added  part  of  the  time,  with  the  idea  that  it  and 
the  milk  might  supply  needed  vitamines;  ako  an  admixture  of  bonemeal  assured 
adequate  salts.  The  animal  became  plump  and  strong  at  a  weight  of  8.7  kilos, 
but  remained  always  undeveloped  in  mentality,  in  the  siie  of  the  sexual  organs 
and  the  absence  of  any  apparent  sexual  function;  urination  was  performed  squat- 
ting, and  the  puppy  contour  of  the  body  and  puppy-like  behavior  toward  other 
dogs  were  retained.  Pratt  (6)  has  made  similar  observations  in  young  dogs  with 
pancreatic  atrophy. 

November  16,  1917,  it  was  found  that  the  addition  of  100  grams  bread  to  the 
diet  produced  a  glycosuria  of  1.3  percent  in820cc.  of  urine.  The  tolerance  waa 
thua  evidently  lower  than  before,  and  thereafter  the  diet  was  kept  carbohydrate- 
free  (400  to  600  grams  of  lung  and  100  grams  of  suet).  April  6,  1918,  the  fasting 
plasma  sugar  waa  found  to  be  0.250  per  cent,,  indicating  that  hyperglycemia  was 
now  continuous.  The  weight  at  this  time  was  9.15  kilos.  Traces  of  glycosuria 
began  in  July,  at  first  intermittently,  but  by  July  30  they  were  continuous  and 
increasing,  so  that  fasting  had  to  be  used.  The  weight  at  this  time  had  reached 
its  maximum  of  9.5  kilos.     The  animal  appeared  not  obese  but  in  excellent 

The  diet  waa  then  gradually  built  up  to  200  grams  lung  and  suet  ad  libitum, 
without  glycosuria.  This  diet  continued  while  the  writer  was  in  military  service. 
At  a  visit  on  September  16,  1918,  the  animal  was  found  in  excellent  strength  and 
spirits,  weighing  8.3  kilos,  with  intense  glycosuria  and  hyperglycemia  and  heavy 
nitroprusside  reactions  in  urine  and  plasma.  Notwithstanding  the  fat-rich  diet 
and  acidosis,  there  was  no  visible  lipemia.  The  condition  was  ideal  for  the 
development  of  coma,  but  under  the  circumstances  there  was  nothing  to  do  but 
to  kill  the  animal  for  autopsy. 

The  body  appeared  in  excellent  condition  and  retained  much  fat.  Except  (or 
a  very  fatty  liver  and  the  puppy-like  characters  noted  above,  the  gross  autopsy 
was  negative.  The  pancreas  remnant  weighed  3.1  grams.  The  practical  absence 
of  hypertrophy  may  be  noticed. 

.Microscopically,  the  liver  was  crammed  with  fat  even  to  the  periphery  of  the 
lobules.  Stains  with  Best's  carmine  showed  absolutely  no  glycogen  except  in 
occasional  leukocytes,  which  stood  out  prominently  in  the  capillaries  by  reason 
of  their  stuffing  of  red  granules. 

The  kidneys  were  normal  except  for  maximal  Armanni  vacuolation,  as  seen  in 
routine  Zenker  specimens  stained  with  methylene  blue  and  eosin.  Best's  carmine 
applied  to  the  alcohol  fixed  specimens  showed  only  a  sparse  sprinkling  of  glyco- 
gen, so  that  the  vacuoles  evidently  represented  chiefly  fat  deposit,  as  demon- 
strated by  fat  stains  in  some  other  animals  but  not  in  this  one. 

The  adrenals  showed  no  more  than  the  average  lipoid  vacuolation  in  the  cor- 
tex, and  were  normal  in  other  respects. 

The  thyroid  and  parathyroids  were  normal,  with  average  colloid  content  in 
the  former. 
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The  pancreKs  remnant  was  normal  in  structure  and  fullness  of  aoini  and 
Dumber  and  size  of  islands,  but  a  minority  of  island  cells  were  maximally 
swollen  and  vacuolated. 

This  puppy,  in  respect  to  "spontaneous"  downward  progress  and 
other  features,  behaved  practically  like  an  adult  animal,  and  most 
of  the  history  actually  represented  an  adult  period  of  life.  Many 
long  experiments  of  this  character  were  begun  for  the  purpose  of  testii^ 
whether  a  partial  pancreatectomy  which  did  not  suffice  to  produce 
immediate  diabetes  in  a  puppy  might  result  in  diabetes  after  a  certain 
stage  of  growth  had  been  reached.  In  other  words,  the  problem  was 
whether  a  damped  pancreas  might  lag  behind  in  development  so  as 
finally  to  become  inadequate  for  the  demands  of  a  growing  body.  The 
best  observations  would  have  been  those  upon  much  younger  animals, 
but  all  these  failed  for  one  cause  or  another.  It  is  evident  that  in  many 
cases  the  hypertrophy  of  the  pancreas  remnant  fully  compensates  for 
any  bodily  growth.  It  is  also  very  doubtful  whether  an  animal  which 
is  actually  non-diabetic  will  become  diabetic  by  simple  growth.  But 
when  the  injury  results  in  such  a  mild  diabetes  that  there  are  no  symp- 
toms on  whatever  dietary  regime  is  followed,  it  is  entirely  possible 
that  diabetes  may  develop  openly  at  a  much  later  period  under  the 
strain  of  growth  and  gain  of  weight.  Such  a  result  is  exemplified  in 
this  experiment,  which  covers  a  rather  long  period  in  proportion  to  a 
dog's  life.  Such  experimental  evidence  makes  it  easily  comprehensible 
that  diabetic  symptoms  may  follow  either  soon  or  late  after  an  injury 
of  the  hiunan  pancreas;  in  particular,  that  glycosuria  may  be  present 
immediately  after  an  infection,  or  may  be  delayed  to  a  time  when  there 
is  no  plain  cUnical  connection  with  a  long  antecedent  infection  which 
may  have  been  the  real  cause. 

CONCLUSIONS 

1.  An  inQuence  of  seniUty  upon  carbohydrate  assimilation  or  diabetes 
is  conceivable  from  a  quantitative  reduction  or  other  alterations  of 
metabolism,  or  from  functional  or  anatomic  changes  in  the  pancreas. 
The  observations  upon  senile  dogs  failed  to  show  any  departures  from 
the  normal  in  the  glucose  tolerance,  the  ratio  of  pancreas  weight  to 
body  weight,  the  microscopic  structure  of  the  pancreas,  the  size  of  the 
pancreatic  remnant  with  which  diabetes  occurs,  the  capacity  of  such 
a  remnant  for  hypertrophy,  or  the  chnical  course  of  the  diabetes. 
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2.  An  iDvestigaiion  was  also  made  of  the  possible  mfluencc  of  the 
elevated  metabolism  or  the  pancreatic  peculiarities  of  youth.  Pre\-ioua 
work  had  indicated  that  the  glucose  tolerance  of  puppies  is  less  than 
that  of  adult  d(^.  No  exact  studies  were  made  of  the  most  important 
point  in  the  microscopic  anatomy,  namely  the  richness  in  islands,  but 
no  striking  departure  from  the  adult  average  was  noticeable  in  numerous 
routine  observations.  The  ratio  of  pancreas  weight  to  body  weight 
was  somewhat  irregular,  and  the  question  of  possible  changes  in  an 
individual  during  growth  could  not  he  accurately  decided,  hut  the 
general  average  in  puppies  did  not  differ  appreciably  from  that  in  adults, 
particularly  with  consideration  of  the  small  body  weight.  The  remnant 
left  after  partial  pancreatectomy  generally  grows  considerably  in  pup* 
pies;  the  hypertrophy  on  the  whole  is  greater  than  in  adult  dogs,  but 
does  not  surpass  what  is  found  in  occasional  mature  or  adult  animals, 
and  may  be  slight  or  absent  especially  in  older  puppies.  The  tendency 
to  diabetes  is  distinctly  less  in  puppies  than  in  adult  dc^,  partly  on 
account  of  weakness  and  cachexia,  partly  because  of  hypertrophy  of 
the  pancreas  remnant,  and  perhaps  sometimes  because  of  a  high  func- 
tional efficiency  of  a  small  remnant.  There  is  no  specific  tendency  to 
rapidity  of  downward  prepress  or  to  diabetic  acidosis  in  puppies. 

3.  An  example  is  given  of  long  delayed  onset  of  diabetic  symptoms 
on  a  fixed  diet  after  gain  of  weight,  this  gain  being  lai^ly  growth  instead 
of  mere  obesity.  With  a  still  milder  diabetic  tendency  it  is  readily 
conceivable  that  the  delay  might  be'  longer  and  might  occur  on  an 
ordinary  diet,  also  that  the  diet  might  in  large  measure  determine  the 
onset  of  symptoms.  In  this  way  it  is  possible  that  childhood  infections 
injuring  the  pancreas  may  be  responsible  for  some  cases  of  diabetes 
which  make  their  appearance  at  a  much  later  period. 
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Diabetes  may  conceivably  be  a^ravated  by  the  increased  metabolism 
of  pregnancy,  which  involves  both  additional  food  assimilation  and  the 
formation  of  considerable  new  tissue.  Unknown  toxic  or  metabolic 
factors  may  possibly  have  an  influence.  An  opposite  possibility  is 
suggested  especially  by  the  work  of  Carlson  and  collaborators  (1), 
namely,  that  diabetes  in  the  latter  part  of  pregnancy  may  be  prevented 
by  the  internal  secretory  activity  of  the  fetal  pancreas.  The  chief 
question  here  is  whether  internal  secretions  pass  in  appreciable  quanti- 
ties through  the  placenta.  In  cUnical  practice  pregnant^  has  long 
been  regarded  as  decidedly  injurious,  to  such  an  extent  that  therapeutic 
abortion  was  commonly  recommended  in  women  suffering  from  any 
serious  grade  of  diabetes.  The  most  comprehensive  and  recent  survey 
of  clinical  experience  is  by  Joslin  (2),  who  considers  that  the  supposed 
injurious  effects  are  largely  explained  by  the  higher  diet  taken.  One 
case  of  apparent  gain  of  tolerance  during  pregnancy  (3)  is  inconclusive, 
partly  because  the  blood  sugar  rose  during  gestatiqn  and  partly  because 
it  is  uncertain  whether  the  changes  observed  were  due  strictly  to  the 
pregnancy. 

Partially  depancreatized  animals  offer  the  most  accurate  obtainable 
conditions  for  studying  the  effect  of  pregnancy  upon  the  internal 
pancreatic  function.  Before  proceeding  to  the  principal  experiments, 
it  is  desirable  to  mention  briefly  some  controls  and  unsuccessful  attempts 
relating  to  this  problem. 

One  control  to  be  thought  of  b  the  possible  eifect  of  changes  in  the 
sexual  organs  themselves  upon  the  pancreas  or  its  function.    This  Li 
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part  of  the  larger  question  of  the  inteirelatioD  of  the  sex  gl&nds  with 
the  pancreas  and  diabetes.  A  few  extirpation  experiments  were  per- 
formed  as  follows.' 

Dog  Bt-S9,  a  female  moagrel  aged  4  years,  had  been  close  to  the  verge  of  dia- 
betes since  the  first  operation  on  April  12,  IdlS,  so  that  the  removal  of  0.2S  grant 
additional  pancreatic  tissue  on  March  16,  1916  brought  on  mild  diabetes.  Bj 
repeated  teats  up  to  May  18  it  was  proved  that  glycosuria  was  regularly  absent 
on  a  measured  bread  and  soup  diet,  and  was  present  to  the  amount  of  about  fi 
grams  daily  with  the  addition  of  75  grams  glucose.  May  18,  both  ovariea  were 
removed,  together  with  the  tubes  and  part  of  the  uterine  horns.  A  trace  of  gly- 
cosuria  followed  the  operation,  and  another  trace  when  the  regular  bread  diet 
was  fed.  The  addition  of  75  grams  glucose  resulted  in  glycosuria  of  12.5  gram* 
one  day  and  13  grams  another  day.  By  May  27  glycosuria  was  again  absent  on 
the  plain  bread  and  soup  diet  and  the  glycosuria  from  glucose  was  no  higher  than 
before  operation.  The  absence  of  any  perceptible  influence  upon  the  diabetes, 
other  than  the  transient  effects  of  the  trauma,  was  also  confirmed  by  the  animal's 
later  history. 

Dog  Dk-4S.  Female;  mongrel;  long  haired;  age  6  to  8  years;  well  nourished; 
weight  19.2  kilos.    December  16,  1916,  removal  of  pancreatic  tissue  weighing 

27.5  grams.  Remnant  about  main  duct  estimated  at  3.2  grams  (Vtr)-  After  fast- 
ing, glycosuria  was  found  consistently  absent  on  a  diet  of  1  kilo  of  beef  lung,  and 
moderate  (0.5  to  1  per  cent)  with  addition  of  50  grams  bread.  January  17,  1917, 
both  ovaries  were  removed,  A  trace  of  glycosuria  followed  the  operation,  but 
ceased  on  the  lung  diet.  With  addition  ofSOgramsbread  it  was  distinctly  greater 
than  before  (2,8  to  4.8  per  cent,  in  larger  urine  volumes),  but  ceased  when  tbe 
bread  was  omitted  on  January  26.  Thereafter  the  diabetic  tendency  was  no 
greater  than  before  the  oophorectomy. 

Dog  CS-67.    Male;  Dalmatian;  age  1}  years;  in  excellent  nutrition;  weight 

17.6  kilos.  March  14, 1916,  castration,  and  removal  of  pancreatic  tissue  weighing 
2S.6  grams.  Remnant  about  main  duct  estimated  at  2.6  grams  (i\  to  •^).  The 
dog  was  used  for  a  few  tests  (especially  feeding  of  pure  fat  or  taloum  powder,  as 
described  elsewhere)  which  had  no  influence  upon  the  glycosuria.  Otherwise  no 
food  wa«  given,  but  heavy  glycosuria  continued  until  death  occurred  from  weak- 
ness on  April  1,  at  a  weight  of  11  kilos.  The  pancreas  remnant,  weighing  3.1 
grams,  was  normal  except  for  the  usual  vacunlation  of  island  cells.  The  bladder 
urine  contained  0.61  per  cent  of  sugar,  and  the  autopsy  otherwise  was  negative. 
Such  irrepressible  glycosuria  with  a  pancreas  remnant  of  this  size  is  so  unusual 
that  the  possibility  of  ftn  aggravating  influence  of  the  castration  was  suggested. 

Dog  Di-6S.  Male;mongrel;  longhaired;  age3years;  medium  nutrition;  weight 
15.25  kilos.  After  removal  of  pancreatic  tissue  on  February  14  and  March  7, 
1917,  glycosuria  was  maintained  almost  continuously  on  bread  and  soup  diet  with 
addition  of  200  grams  glucose  to  March  23,  aft«r  which  it  was  absent.  Such  a 
duration  of  glycosuria  is  evidence  that  an  animal  is  very  close  to  diabetes,  which 
will  be  produced  by  the  removal  of  a  trifle  more  pancreatic  tissue.  The  actual 
absence  of  diabetes  was  confirmed  by  blood  sugar  tests,  the  plasma  sugar  being 

■  All  operations  were  performed  under  ether  anesthesia. 
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0.0S7  per  cent  before  feeding  aud  0.145  per  cent  at  the  highest  point  aft«rward,  and 
down  to  0.122  per  cent  by  evening  even  on  the  bread  and  glucose  diet.  March  'X, 
castration  was  performed.  Glycosuria  remained  absent  on  bread  diet  to  April  2, 
aud  therafter  also  with  addition  of  200  grams  glucose.  The  attempts  to  induce 
diabetes  by  diet  were  continued  through  May,  with  merely  the  usual  slight  gain 
in  toler&nce.  The  removal  of  0.6  gram  pancreatic  tissue  on  May  8  proved  inade- 
quate, but  mild  diabetes  followed  the  removal  of  0,65  gram  additional  on  June  1. 

This  siDgle  expcrimeot  with  dog  D4-63  probably  suffices  to  prove 
that  removal  of  the  testes  has  do  iDflueDce  for  or  gainst  the  production 
of  diabetes.  A^Rravation  of  an  existiog  diabetes,  which  is  a  separate 
question,  was  not  produced  by  reraovdl  of  the  ovaries  in  dogs  B2-89 
and  D4'62.  The  apparent  aggravation  after  removal  of  the  testes  in 
dog  C3-67  may  have  been  purely  accidental,  and  any  specific  influence 
remains  improbable.  Circumstances  prevented  further  experiments 
of  this  sort. 

Numerous  attempts  were  made  to  determine  the  size  of  pancreas 
remnant  with  which  diabetes  occurs  in  pregnant  animals,  with  uniform 
failure  on  account  of  abortion  or  death.  Efforts  to  immunise  by  one 
or  several  preliminary  subcutaneous  or  intraperitoneal  injections  of 
aqueous  extract  of  fresh  sterile  dog  pancreas  gave  no  protection.  Trials 
were  made  with  removal  of  five-sixths  to  nine-tonths  of  the  pancreas 
in  single  operations,  performed  as  quickly  and  easily  as  possible  so  as 
to  be  over  in  half  an  hour  or  less,  but  the  animals  always  became  unwell 
and  aborted  within  a  few  days  or  at  most  a  week.  Such  an  interval, 
especially  when  glycosuria  is  prevented  by  malaise  and  refusal  of  food, 
can  decide  nothing  with  the  pancreas  remnants  mentioned,  though 
permitting  some  observations  after  total  pancreatectomy  as  in  Carlson's 
experiments.  Other  attempts  were  made  with  successive  operations, 
in  the  hope  that  each  might  be  so  easy  as  to  avoid  abortion,  also  by 
leaving  a  duodenal  remnant  and  a  subcutaneous  graft  early  in  preg- 
nancy, with  the  idea  that  diabetes  might  be  brought  on  later  in  preg- 
nancy by  simple  removal  of  the  graft.  All  such  attempts  failed  for 
one  cause  or  another.  It  is  sometimes  possible  to  remove  considerable 
portions  of  pancreas,  even  in  the  later  stages  of  pregnancy,  without 
accident,  just  as  other  abdominal  operations  are  often  feasible;  but 
any  pancreatic  resection  to  the  point  of  diabetes  seems  absolutely 
incompatible  with  continuance  of  gestation.  The  possibiUty  that 
this  disturbance  may  be  due  to  the  sudden  deficit  of  the  internal  pan- 
creatic function  was  excluded  by  two  sets  of  controls;  first,  the  results 
are  just  as  bad  when  the  entire  uncinate  process  is  left  as  a  subcutaneous 
graft  in  addition  to  the  usual  pancreatic  remnant;  second,  pr^nant 
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dogs  ordinarily  survive  a  week  of  fasting  and  phlorizination  without 
abortion,  though  the  glycosuria  and  acidosis  apparently  represent  a 
greater  disturbance  of  carbohydrate  metabolism  than  that  following 
the  pancreatic  operations  mentioned. 

An  attempt  to  test  the  influence  of  the  increased  food  requirement 
and  lactose  formation  of  the  lactation  period  was  made  as  follows. 

Dog  CS-90,  moDgrel,  in  excellent  condition,  weighing  20.5  kiloB,  wu  foimd  pn%- 
uant  in  an  operation  on  May  25,  1916,  when  the  splenic  proceea  and  body  of  tlie 
pancreas  down  to  the  main  duct  were  removed,  with  the  idea  that  diabetes  might 
later  be  produced  by  a  very  easy  operation  for  removal  of  the  uncinate  proc«aa. 
The  pregnancy  continued  uneventfully,  but  by  mistake  too  long  an  interval  was 
allowed,  and  on  June  22  the  dog  gave  birth  to  eight  healthy  puppies.  She  was  an 
excellent  mother  and  the  puppies  all  thrived  until,  on  June  29,  the  uncinate  proc- 
ess was  removed  in  an  operation  requiring  only  a  few  minutes.  There  was  quick 
recovery  from  the  brief  etherisation,  and  the  dog  showed  the  usual  devotion  aad 
nursed  the  puppies  immediately  on  being  returned  to  the  cage.  She  acted  well 
and  lively  but  ate  very  little  on  the  following  days,  during  which  time  the  pupa 
continued  to  nurse  though  the  mother  paid  less  attention  to  them.  By  July  4 
her  appetite  was  fully  restored,  but  she  refused  to  have  anything  further  (o  do 
with  the  pupa,  and  even  injured  them  if  they  approached  to  nurse.  Part  of  the 
trouble  may  have  been  due  to  tenderness  about  the  abdominal  wound,  but  there 
seemed  also  to  be  a  genuine  breaking  up  of  the  physiology  and  psychology  of 
lactation  by  the  operation.  Milk  rapidly  disappeared  from  the  breasta.  Diabe- 
tes  remained  absent  notwithstanding  glucose  feeding.  Whether  the  disturbances 
observed  were  peculiar  to  the  pancreatic  operation  or  might  follow  any  other 
abdominal  interference,  the  experience  showed  that  this  method  was  not  applica- 
ble for  studying  the  influence  of  lactation  upon  diabetes. 

XumerouB  microscopic  examinations  have  been  made  of  the  pancreas 
of  dogs  in  various  stages  of  pregnancy  and  of  a  few  during  lactation, 
without  the  finding  of  any  departure  from  the  normal  in  any  respect. 

It  was  evident  that  a  satisfactory  study  was  possible  only  through 
the  occurrence  of  pregnancy  in  animals  already  diabetic,  so  as  to  repro- 
duce exactly  the  conditions  encountered  in  diabetic  women.  Properly 
prepared  animals  with  potential  diabetes  are  normal  in  their  entire 
behavior,  and  only  the  unfavorable  laboratory  conditions  made  the 
experiment  difficult.  It  was  hoped  that  cats  might  be  particularly 
suitable  for  the  purpose,  but  in  the  only  instance  in  which  a  partially 
depancreatized  cat  became  pregnant  the  experiment  ended  in  failure, 
as  follows. 

Col  A1-S4.  Female;  strong  adult;  weight  3.5  kilos.  December  20,  1913,  pan- 
creatic tissue  was  removed,  not  quite  to  the  point  of  producing  diabetes.  The 
cat  remained  continuously  free  from  glycosuria  on  meat,  bread  and  milk  diets 
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thereafter,  but  had  a  permanently  lowered  tolerance,  ae  shown  by  the  production 
of  glycosuria  in  subcutaneous  glucose  teats  by  doses  between  1  and  1.5  grams  per 
kilo.  Impregnation  occurred  February  18,  1014.  Thereafter  the  diet  was  meat 
and  milk,  mixed  with  as  much  lactose  as  the  animal  could  be  induced  to  take. 
Considerable  carbohydrate  could  thus  be  given,  though  cats  usually  object 
strongly  to  the  sweetness  of  glucose  or  saccharose.  About  the  middle  of  March 
the  animal  waa  noticed  to  be  weak  and  unwell.  Abortion  occurred  March  16 
and  death  March  18.  There  was  no  diabetes  and  the  pancreas  remnant  was  nor- 
mal. The  fatal  outcome  was  almost  certainly  a  sugar  intoxication  (4),  with  no 
specific  relation  to  the  partial  pancreatectomy  or  to  diabetes.  Cats  may  possibly 
prove  to  be  welt  suited  to  pregnancy  experiments  in  diabetes,  but  they  are  as  a 
rule  an  unfavorable  species  for  carbohydrate  over-feeding. 

Far  more  numerous  attempts  were  made  with  partially  depancreat- 
ized  dogs  during  three  years,  but  all  failed  owing  to  the  unfavorable 
environment.  Finally  a  successful  experiment  became  possible  in  dog 
B2-00,  which  was  particularly  valuable  for  the  purpose  because  of  the 
long  previous  records  which  had  established  the  tolerance  accurately. 
These  observations  have  been  reported  in  previous  papers,  especially 
no.  3  of  series  I  (5)  and  no.  1  of  series  II  (6). 

A  series  of  operations  beginning  in  1913  had  made  the  dug  nearly  diabetic,  but 
after  the  removal  o(  an  additional  0.8  gram  of  pancreatic  tissue  on  September  6, 
1916,  it  was  still  impossible  to  maintain  glycosuria  with  the  heaviest  bread  and 
glucose  feeding.  Pregnancy  then  became  evident,  though  the  exact  time  of  its 
beginning  was  unknown.  Tests  of  the  tolerance  were  performed  by  feeding,  as 
described  below.  As  diabetes  remained  absent  with  advancing  pregnancy,  there 
was  danger  that  the  entire  result  would  be  negative. 

Accordingly,  on  December  16,  1916,  0.1  gram  pancreatic  tissue  waa  removed, 
in  an  operation  so  short  and  easy  that  the  dog  did  not  even  lose  appetite  for  the 
day.  Diabetes  resulted,  as  proved  by  the  fact  that  plain  bread  and  soup  feeding 
now  maintained  slight  glycosuria  (0.4  to  0.8  per  cent,  in  400  to  680  cc.  urine). 
December  26  on  this  diet  the  plasma  sugar  was  0.091  percent  before  feeding,  0.182 
per  cent  four  hours  after.  The  special  feeding  test  was  repeated  in  late  pregnancy 
on  December  30. 

As  an  additional  cxpcrimeot,  it  was  attempted  to  learn  whether  the  pregnant 
dog  with  latent  diabetes  had  any  special  tendency  to  acidosis.  Therefore  nothing 
was  fed  on  December  31,  and  only  300  gramssuet  daily  on  January  1,2  and  3  (1917). 
Abortion  then  occurred,  though  the  dog  appeared  only  slightly  unwell  and  re- 
mained free  from  acetone  bodies  in  urine  and  blood,  both  before  and  afterward. 
The  plasma  sugar  was  constantly  normal  (0.089  to  0.105  per  cent)  after  omission 
of  carbohydrate,  both  before  and  after  abortion.  The  carbohydrate  tests  bad 
seemed  harmless,  and  it  may  be  possible  that  the  fat  feeding  was  responsible  for 
the  abortion  even  without  acidosis. 

January  27,  the  special  feeding  test  was  repeated  as  a  control  in  the  non-preg- 
nant condition.  The  existcnceof  diabetes  was  unmistakable.  The  diet  was  then 
changed  to  meat  to  prevent  downward  progress,  and  the  dog  was  left  most  of  the 
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time  with  a  male  in  the  hope  of  a  second  pregnancy.  The  plasma  sugar  meanwhile 
remained  normal  (0.087  to  0.113  per  cent)  on  the  carbohydrate-free  diet.  The 
special  feeding  test  was  repeated  on  February  23  and  May  17, 

Pregnancy  then  became  manifest,  and  the  feeding  test  was  repeated  in  this 

condition  on  July  II.    June  28  and  July  2,  the  plasma  sugar  on  the  meat  diet  was 

>  normal  (between  0.075  per  cent  before  feeding  and  0.105  per  cent  after  feeding). 

July  12,  less  than  0.1  gram  of  pancreatic  tissue  was  removed  without  appreci- 
able disturbance. 

Three  pupa  were  bom  on  July  16.  They  were  probably  2  or  3  days  premature, 
and  were  all  dead  by  July  19  owing  to  failure  to  nurse  properly.  This  result 
may  have  been  independent  of  the  experimental  conditions,  for  the  dog  was  of  a 
type  which  often  has  troubles  with  puppies. 

The  special  feeding  test  was  repeated  on  August  9,  October  5  and  November  22. 

Owing  to  the  perfect  manner  in  which  the  dog  bore  the  experiments 
through  two  pregnancies,  the  questions  at  issue  received  very  satis- 
factory answers  as  follows: 

a.  In  the  first  instance,  pregnancy  failed  to  produce  diabetes  in  an 
animal  which  was  eo  close  to  the  verge  that  diabetes  resulted  from  the 
removal  of  0.1  gram  additional  pancreatic  tissue.  Against  an  assump- 
tion that  the  diabetes  here  was  due  largely  to  the  pregnancy  and  only 
partially  to  the  pancreas  operation  is  the  fact  that  diabetes  persisted 
after  termination  of  the  pregnancy.  Also  in  the  second  instance,  when 
the  dog  was  known  to  have  mild  diabetes  but  was  free  from  symptoms 
on  meat  diet,  pregnancy  failed  to  produce  either  glycosuria  or  hyper- 
glycemia on  this  diet. 
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b.  The  removal  of  a  bit  of  pancreatic  tissue  in  the  latter  part  of 
each  prcKnancy  supplemented  the  observations  of  the  negative  effeets 
of  gestation  and  especially  demonstrated  the  absence  of  vacuolation 
of  the  islands  first  when  the  animal  was  not  quite  diabetic  and  second 
when  she  was  mildly  diabetic.  The  absence  of  such  hydropic  ehangerf 
with  latent  diabetes  corresponds  fully  to  the  experience  in  non-pregnatit 
animals, 

c.  The  passage  of  any  appreciable  quantity  of  pancreatic  internal 
secretion  from  the  fetuses  to  the  mother  is  diaproi'cd  by  two  facl;'. 
First,  tlie  occurrence  of  dial>etes  following  the  operation  of  Decenilx-r 
16,  1916,  was  not  prevented;  in  other  words,  there  was  no  transfer  of 
pancreatic  hormone  sufBcient  to  compensate  for  the  loss  of  0.1  gram  of 
maternal  pancreatic  tissue.  Second,  the  feeding  tests  demonstrated 
an  actual  aggravation  of  the  diabetes  during  pregnancy.  Test  meals 
were  used  instead  of  intravenous  glucose  injections  because  according 
to  previous  experience  (7)  they  afford  a  more  accurate  index  of  the 
diabetic  condition  alid  also  because  they  seemed  to  promi.se  less  danger 
of  abortion  or  other  accidents.  Attention  may  l)e  called  to  the  results 
of  these  tests  as  shown  in  the  table. 

The  test  meal  consisted  of  100  grams  Ix-ef  lung,  200  grams  bread 
and  150  grams  glucose.  Only  slight  hyperglycemia  and  faint  glycosuria 
resulted  from  this  diet  on  November  21  and  23,  when  the  dog  was  non- 
diabetic.  The  removal  of  0.1  gram  pancreatic  tissue  on  D('ceml)er  16 
produced  a  radical  change,  so  that  the  hyperglycemia  and  glycosuria 
in  (he  test  of  December  30  were  of  plainly  dialtetic  character.  The 
tolerance  was  fully  an  low  on  January  7.  after  termination  of  pn-gnancy. 
but  the  dog  was  still  unwell  from  the  recent  alwrtiori.  The  lest  of 
February  23  showed  a  considerably  better  tolerance  as  judged  bj-  lntth 
blood  and  urine. 

May  17,  early  in  the  second  pregnancy,  the  test  showe<i  a  welt- 
marked  fall  in  the  as.similation,  and  the  result  wa.s  not  greatly  difTerent 
in  the  Ifltcitage  of  pregnancy  on  July  11.  The  bit  of  pancreas  removed 
on  July  12  was  so  tiny  that  it  apparently  had  tittle  effect  upon  the 
tolerance.  At  any  rate,  in  spite  of  this  operation,  the  as.similation  on 
July  19,  three  days  after  normal  delivery,  showed  a  decided  iiiipntve- 
ment.  This  improvement  was  still  greater  on  August  9.  after  all 
puerperal  disturbance  had  subsided.  It  was  also  maintained  up  to 
October  o,  the  length  of  the  experiment  and  the  uniformity  of  results 
being  thus  sufficient  to  exclude  accidental  Huctuaiions  of  toleraue<\ 
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COXCLVSIOXS 

1.  Xo  positive  influence  of  the  sex  glands  upon  diabetes  was  demon- 
strable by  extirpation  experiments.  Also  no  anatomic  changes  in  (he 
pancreas  were  perceptible  with  pregnancy  or  lactation. 

2.  Observations  upon  a  partially  depancreatized  dog  during  preg- 
nancy are  opposed  to  the  view  that  any  appreciable  quantity  of  internal 
pancreatic  secretion  passes  from  the  fetus  to  the  mother. 

3.  A  distinct  lowering  of  carbohydrate  assimilation  was  shown  during 
pregnancy.  This  was  not  clearly  associated  with  the  increase  of 
metabolism,  in  the  sen.'fc  either  of  increased  food  requirement  or  new 
tissue  formation,  for  it  seemed  approximately  the  same  in  early  and 
late  pregnancy  and  was  also  evident  during  the  illness  following  abortion. 
It  maj'  therefore  be  regarded  chiefly  as  a  toxic  manifestation  and  thus 
elasf-itiable  with  the  influence  of  infection.  The  effect  is  relatively 
slight,  because  pregnancy  failed  to  produce  diabetes  in  a  dog  where  the 
removal  of  0.1  gram  pancreatic  tissue  sufficed  for  the  purpose,  and  also 
after  the  dog  was  demonstrably  diabetic  on  carbohydrate  diet  pregnancy 
ga\'o  rise  to  neither  glvcosuria  nor  h'\'perglycpmia  on  carbohv{l rate-free 
did.  .  " 

The  tests  with  partial  pancreatectomy,  which  affords  the  most  exact 
method  of  study,  suf^est  that  Carlson's  results  in  totally  depancreatized 
dogs  are  to  be  interpreted  as  cacheina.  Clearer  information  of  the 
influence  of  pregnancy  upon  the  internal  pancreatic  function  is  also 
afforded  by  the  freedom  from  the  \ariables  which  enter  into  clinical 
cases.  The  shght  tendency  to  aggravation  of  the  diabetes  and  the 
ready  control  by  diet  support  Joslin's  ex'perience  of  the  feasibility  of 
completion  of  pregnancy  by  dialx'tic  women  under  suitable  conditions 
of  treatment.  If  the  toxic  factor  is  the  imncipal  one,  as  suggested,  the 
po.-isibility  remains  that  the  injurious  action  in  some  women  may  be 
con.*idrrably  greater  than  in  dogs  and  accoixlingly  may  require  more 
radical  measures. 
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The  functions  of  the  pyloric  sphincter  arc  usually  considered  depend- 
ent upon  the  physical  condition  and  relative  degree  of  acidity  of  the 
gastric  content.  Such  an  explanation  fails  in  great  part  to  account  for 
certain  phenomena  associated  with  the  processes  of  gastric  evacuation 
both  in  health  and  disease.  It  also  fails  to  consider  the  purpose  of 
gastric  motility  save  for  mixing  the  gastric  contents  and  discharging 
them  into  the  duodenum  at  irregular  periods  of  opening  of  the  sphincter. 
However,  recent  work  tends  to  show  that  the  opening  and  closing  oi 
the  sphincter  is  related,  not  only  to  the  degree  of  fluidity  and  acidity 
of  the  gastric  content,  but  also  to  penstabis  and  the  degree  of  tonicity 
demonstrated  in  the  stomach.     , 

Our  present  interest  in  the  physiology  of  the  sphincter  was  stimulated 
by  our  inability  to  explain,  upon  accepted  theories,  radiographic  obser- 
vations made  upon  the  human  stomach.  We  therefore  undertook  to 
study,  upon  laboratory  animals  under  easily  controllable  conditions, 
the  motility  of  the  pyloric  sphincter.  In  this  study  the  term  pyloric 
sphincter  means  that  narrow  baud  of  muscle  constituting  the  last 
portion  of  the  stomach. 

KteTHODS 

Forty-four  experiments  were  perfonned  upon  d(^  in  this  series. 
All  operative  procedures  were  carried  out  under  ether  anesthesia. 
Unanesthetized  dc^  were  studied  radiographicaUy.  In  14  experimeDts 
records  were  obtained  immediately  following  operation  and  while  the 
animal  was  under  the  influence  of  a  light  anesthesia.  Six  dogs  were 
studied  from  5  to  18  hours  after  operation,  no  anesthesia  being  used 
during  the  taking  of  records.  One  animal  was  studied  3  days  after 
operation,  another  after  an  interval  of  2  weeks.  Four  animals  were 
460 
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operated  under  ether  and  morphine  (10  mgm.  per  kilo)  and  studied  at 
once,  ether  being  discontinued  during  the  obeervations.  This  pro- 
cedure gave  a  quiet  animal  with  a  very  active  stomach.  Although  the 
type  of  sphincter  action  under  this  anesthesia  was  similar  to  that 
obtained  under  other  anestliesias,  it  was  discontinued  because  of  the 
known  action  of  morphine  upon  the  gastro-intestinal  tract.  The  most 
constant  graphic  results  were  obtained  with  only  suflScient  ether  to 
abolish  voluntary  movements.  Under  such  an  anesthesia  the  behavior 
of  the  sphincter  is  more  constant  and  uniform  than  in  the  unanesthetized 
animal  under  experimental  conditions. 

The  operations  in  most  cases  consisted  in  opening  the  abdomen 
by  a  midline  incision,  entering  the  fundic  portion  of  the  stomach  and 
sewing  the  recording  apparatus  in  place.  The  gastric  incision  was  then 
closed  with  a  pursestring  suture  about  the  rubber  tube  leading  from 
the  anchored  balloon.  The  opening  in  the  abdomen  was  closed  with 
a  running  suture.  Aseptic  precautions  were  observed  in  all  cases  in 
which  the  animal  was  permitted  to  survive  12  hours  or  longer.  In 
3  animab  the  muscle  on  either  side  of  the  pyloric  sphincter  was  cut, 
thus  confining  action  upon  the  apparatus  to  the  sphincter  proper. 

All  apparatus  except  the  recording  instruments  was  designed  and 
constructed  especially  for  this  work.  The  apparatus  is  the  equivalent 
of  a  balloon  and  is  so  constructed  that  it  can  be  placed  and  maintained 
within  the  lumen  of  the  pyloric  sphincter.  These  balloons,  or  as  we 
have  termed  them,  pylorographa,  are  of  three  types:  a,  flexible,  closed 
pylorograph;  b,  rigid,  closed  pylorograph,  and  e,  open,  flexible  pyloro- 
graph. 

The  closed  flexible  pylorograph  (fig.  1,  a)  consists  of  a  short  section 
of  finger  cot  stretched  over  two  cones  of  hard  rubber  the  apices  of  which 
face  each  other.  One  cone  is  perforated  by  a  small  hole  which  leads 
out  through  a  nipple  on  its  base  for  the  attachment  of  a  rubber  tube. 
When  in  position  the  rubber  is  pressed  down  upon  the  sloping  surfaces 
of  the  cones  by  the  tonus  of  the  sphincter  to  such  an  extent  that  the 
recording  apparatus  is  affected  by  the  contraction  of  a  width  of  muscle 
not  exceeding  5  mm.  This  device  when  placed  in  [HMition  tends  to 
remain  there  because  of  the  V-shaped  surfaces  offered  to  the  pyloric 
ring.  Complete  fixation  of  the  pylorograph  was  obtained  by  passing 
a  ligature  around  the  base  of  each  cone  and  securing  it  in  the  muscle. 

The  rigid  pylorograph  is  similar  to  the  one  described  above  save  that 
the  two  cones  remain  connected  (fig.  1,  b). 
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The  open,  flexible  pylorograph  {fig.  1,  c)  U  constructed  on  tiit-  >:xme 
principle  as  the  flexible,  closed  pjloropraph  except  that  an  oik-ii  tunnel 
4  mm.  in  diameter  runs  thi-oiigliout  its  entire  lenj^h.  The  npices  of 
the  two  cones  are  connected  by  me:»ns  of  a  piece  of  mbbordani  iiibinK. 


Fig.  I,  lllustrati'insi>f  tlR.  V. 
pyl«r()gr»|>li.  H,  Closed  Hgirl  )>y!i>i 
An  transmission  vent  f"r  tiilii'  fonm 
wall  oi  iiylorugraph  made  <if  Hiikci* 
duodenum.     R.D.,  Tube  of  riihl>i-r 


^graphs.  ,l,f|.  M'd  1I...UI.I 
ii);raph.  (',  Oficn  fle\il)li;  pvliiriinraiih.  I 
ctiouwitlnvalcrmBnomefcr.  A'.r,  Hc^il,l 
cot.  v..  Opening  cinnpcting  stumach  nit 
Inm  ciimpiising  inner   wall  of  air  uhamlie: 


iif  the  rubber  Burfjiees  during  eontra 


Dotted  lines  indicate  positio 
spliinctcr. 

The  ba-<es  arc  c()i>nccte<l  by  a  >cction  of  finger  cot.  This  device,  i 
equivalent  of  a  tunnelled  cylin(hic:il  balloon,  pcmiits  the  sphincter 
demonstrate  it.s  motility  anti  at  the  -same  time  permits  material 
leave  the  stomach. 
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Graphic  records  were  obtained  with  tambours,  and  piston  and  bellows 
recorders.  The  pylorograph  was  connected  with  the  recording  appa- 
ratus through  a  water  manometer.  The  manometer  was  adjusted  to 
a  pressure  (3  to  30  cm.)  which  gave  best  results  in  any  given  case. 
.\ir  transmission  was'used  throughout. 


The  pyloric  sphincter  demonstrates  two  types  of  motility;  a,  active 
rh>-thmic  contractions  (figs.  2  and  3),  and  b,  tone  waves  (figs.  5  and  6). 
The  characteristics  of  these  two  types  of  action  are  as  follows. 

a.  Rhythmic  contractions.  The  rhjihmic  movements  of  the  sphincter 
are  character! zetl  by  contractions  and  relaxations  each  followed  by  a 
quiescent  period  or  pause  (fig.  3).  These  contractions  occur  at  the 
rate  of  from  3  to  o  per  minute;  that  is,  each  cycle  is  completed  in  an 
inter\-al  of  from  12  to  20  seconds.  The  phase  of  contraction  is  4  to  5 
seconds,  the  phase  of  relaxation  3  (o  7  seconds;  the  quiescent  phase 
plus  the  period  of  inhibition  prior  to  contraction  occupy  the  remainder 
of  the  cycle.  These  figures  are  nece.'<sarily  only  relative  because  of  (he 
different  rates  of  contraction  shown  by  various  animals,  the  depth  of 
the  anesthesia,  and  also  Ijecauso  of  the  general  motility  of  the  stomach 
and  small  intestines.  During  periods  of  rhythmic  action  of  the  sphinc- 
ter the  contractions  and  relaxations  are  uniform  in  degree;  that  is,  the 
movements  are  initiated  and  consummated  from  a  constant  level  (figs. 
2  and  3).  There  is  usually  a  definite  degree  of  relaxation  (inhibition) 
of  tone  immediately  preeeding  a  contraction.  At  times  relaxation 
continues  from  the  completion  of  contraction  until  the  beginning  of 
a  second  contraction,  no  definite  phase  of  quicsence  or  inhibition  being 
shown.  Similar  rcsuHs  were  obtained  both  from  the  filled  and  recently 
emptied  stomach. 

The  cycles  of  the  sphincter  are  definitely  altered  under  various  con- 
ditions; also,  periods  of  increa.sed  activity  may  occur;  however,  as  will 
lie  shown  in  a  later  communication,  such  alterations  bear  a  definite 
relation  to  anesthetics,  trauma  and  the  activities  of  the  gastro-inteslinal 
canal. 

Hhythmicity  of  Ihc  sphincter  is  not  lost  following  deneiTation  of  the 
stomairh  (fig  4). 

b.  Tmiicily  of  the  ijihiricltr.  The  tonicity  of  the  pyloric  sphincter 
is  gained  or  lost  during  a  series  of  rhythmic  contractions  of  which  the 
heights  of  (he  individual  con(E-;ictions  vary  in  proporticm  to  the  degree 
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F^.  2.  Pylorograms  obtained  from  four  different  experiments;  A,  experiment 
4;  B,  experiment  19;  C,  experiment  42 ;  D,  experiment  26.  Animsla  under  ether 
aneethesitk.  Graph  A  obtained  with  tambour,  B  and  C  with  piston  recorder,  D 
with  bellows  recorder.    Time,  2)  seconds  in  trace  A,  1  second  in  B,  C  and  D. 

Trace  A  shows  periods  of  inactivity  followed  by  rhythmic  contractions  utd 
a)t«rations  in  tonicity.  Traces  B,  C  and  D  demonstrate  periods  of  const»nt 
rhythmic  activity.  Note  the  variation  in  the  height  of  contractions  in  tracea  A 
and  D.    The  four  graphs  are  typical  of  the  entire  series  of  experiments- 
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of  tonicity  gained  (figs.  5  aad  6).  On  the  other  haod,  periods  of 
increased  or  decreased  rhythmic  contractions  may  appear  at  a  time  of 
constant  tonicity  (fig.  5,  trace  C).  Waves  of  increased  tonicity  ^pe«r 
to  result  because  of  a  lengthenii^  in  the  time  required  for  complete 
relaxation;  that  is,  a  second  wave  of  contraction  appears  during  the 
relaxation  phase  of  the  previous  cycle.  A  reduction  in  the  degree  of 
tonicity  accompanies  an  increased  degree  of  lengthening  of  the  relax- 
at 
tit 


Fig.  4.  Experiment  8;  January  17, 1920.  Rhythmic  cootractioDi  of  the  pyloric 
Bphiacter  following  denervatioa  of  the  Btomacb.  Ether  anesthesia.  "ntDe  in 
seconds. 

The  rhythmicity  and  type  of  sphincter  action  are  not  altered  by 
increasing  or  decreasing,  within  limits,  the  pressure  within  the  i^loro- 
graph.  However,  if  the  pressure  is  greatly  increased  the  height  of  the 
individual  contractions  is  decreased.  Longer  excursions  of  the  writing 
lever  are  recorded  when  the  pressure  in  the  pylorograph  is  low  (3  to 
10  cm.  of  water).  In  other  words,  the  greater  the  degree  of  resistance 
offered  by  the  pylorograph  to  the  force  of  the  sphincter's  action  the 
smaller  becomes  the  excursion  of  themuscle  while  acting.    The  primary 


,v  Google 


RHYTHHICITY   OF   PYLORIC  8PHINCTEB  467 

effect  of  distentioD  of  the  balloon  in  the  pyloric  canal  is  to  excite  the 
sphincter  to  rhythmic  action.  Following  this  there  usually  appears 
a  gradual  loss  in  tone  for  several  moments  after  which  the  rhythmic 
contractions  appear  from  a  constant  level.  The  rapidity  with  which 
the  sphincter  adapts  its  tonicity  to  an  alteration  in  resistance  is  remark- 


Fig,  5.  Experiment  24;  February  9,  1920,  PylorograinB  obtsined  by  use  of 
open  pylorograph.  Animal  operated  under  ether.  Records  begun  18  houre  lat«r. 
PJBton  recorder  used  for  registration.  Experimeut  checked  by  rodiographio  rec- 
ords. A,  £and  C,  Sphincter  action.  C-C,  Adn[iini8t ration  of  8  ounces  o[  barium 
mixture  by  stomach  tube.  1,  B,S  and  i,  Tone  waves  carrying  contraction  wares. 
Trace  C  shows  three  active  and  lour  reduced  phases  of  activity. 

^le.  Apparently,  the  normal  tonicity  is  only  sufficient  to  close  the 
sphincter  or  to  approximate  its  surfaces  against  those  of  a  body  in  its 
lumen.  Non-resisting  materials  permit  of  complete  occlusion  of  the 
lumen  during  the  positive  phase  of  the  sphincteric  cycle.     Tonicity 
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of  the  sphincter  appears  to  be  unusually  high  iniraediately  following 
the  ingestion  of  food,  either  normally  or  by  means  of  the  stomach  tube. 
Tonicity  is  also  high  immediately  following  the  opening  of  the  abdomj- 
nal  cavity.  Doubtless  this  is  rcflcxly  the  result  of  peritoneal  irritation. 
Tonicity  is  not  lost  by  reason  of  operative  procedures  on  the  stomach. 


Fig.  6.  Experiment  13;  January  fl,  1920.  Ether  anesthesia  for  operation. 
Double  flexible  enterograph.  Records  obtained  3  days  after  operation  upon  the 
conscious  aaimal.  A,  Sphincter  contractions.  B,  Duodenal  contrMtiona. 
Note  periods  of  heightened  tone  a!  the  sphincter  at  times  of  pronounced  activity 
on  the  part  of  the  duodenum  (5  and  i).    X,  Synchronous  points.     Time  is 
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The  approach  of  the  pylorograph  or  examining  filler  to  the  antra] 
r^on  causes  marked  contraction  of  the  pars  pylorica.  Only  wider  the 
influence  of  a  deep  or  surreal  anesthesia  does  the  sphincter  lose  tone 
completely. 

SPECIAL   EXPERIUENTS 

In  dog  25  in  which  a  permanent  gastric  fistula  had  been  established, 
it  was  possible  to  insert  the  finger  into  the  antrum  and  even  through 
the  pyloric  canal  into  the  duodenum  without  placing  the  animal  imder 
ether  or  causing  it  much  discomfort.  The  primary  effect  of  the  finger 
in  the  antrum  was  to  excite  a  state  of  violent  and  maintained  contrac- 
tion. Under  a  constantly  applied  pressure  contracture  passed  off  and 
the  finger  was  finally  permitted  to  pass  through  the  sphincteric  canal. 
With  the  finger  in  the  canal  one  could  distinctly  feel  pressure  applied 
rhj-thmically  during  the  positive  phases  of  the  sphincteric  cycles.  The 
sphincter  never  relaxed  completely  nor  drew  away  from  the  finger 
during  the  relaxation  phase  or  the  period  of  quiescence.  The  obser- 
vation that  an  initial  irritation  of  the  antrum  causes  a  heightened 
degree  of  tonicity  in  the  pars  pylorica  corroborates  the  generally 
accepted  views  as  to  the  functions  of  these  parts  in  relation  to  solid 
objects  in  the  stomach. 

In  an  effort  to  throw  more  Ught  on  the  function  of  the  sphincter  the 
following  experiment  was  performed.  An  open  pylorograph  (fig.  1,  c), 
as  described  above,  was  anchored  in  the  pyloric  canal.  Graphic  records 
were  begun  18  hours  following  operation  (fig.  5).  At  this  time  the 
sphincter  demonstrated  powerful  contractions  which  occurred  irregu- 
larly. The  animal  was  then  placed  on  the  radiographic  table  and  given 
an  8-ounce  meal  of  barium  sulphate  and  milk  by  means  of  the  stomach 
tube.  Immediately  followii^  the  withdrawal  of  the  tube  a  marked 
tone  wave  appeared  on  the  graphic  tracing,  supenmposed  upon  which 
was  a  series  of  contractions  of  varying  degree  (fig.  5,  A-1).  This  was 
followed  by  a  series  of  smaller  waves  each  of  which  lasted  from  3  to 
7  minutes.  Four  such  tone  waves  are  shown  in  tracings  A  and  B  of 
the  samQ  figure.  As  previously  stated,  these  tone  waves  are  built 
up  during  a  series  of  rhythmic  contractions  and  lost  throi^h  a  series 
of  gradual  and  prolonged  relaxations.  At  X  in  figure  5  a  series  of 
relaxations  permitted  the  recording  lever  to  drop  below  the  tone  level 
held  by  the  sphincter  prior  to  the  administration  of  the  meal.  At 
points  marked  Y  and  Y-1  there  is  a  total  absence  of  rhji;hmic  contrac- 
tion although  the  tonicity  of  the  sphincter  at  Y-1  is  markedly  above 
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that  at  Y  where  the  level  is  lower  than  the  prenneal  normal.  A  radio- 
gram taken  at  the  height  of  a  rhythmic  contraction  (P.l),  and  at  a 
time  of  relatively  high  tonicity,  showed  the  antrum  in  a  state  of  high 
tonicity  with  the  pyloric  canal  closed.  As  time  went  on  these  severe 
tonic  contractions  gradually  gave  way  to  a  constant  tone  level  and 
rhythmic  contractions  of  varjing  height  (fig.  5,  c).  The  stomach 
emptied  itself  of  the  barium  mixture  in  less  than  80  minutes.  At  the 
end  of  this  time  a  second  meal  was  given.  Rapid  distention  of  the 
operated  stomach  easily  produces  vomiting.  This  difficulty  was  over- 
come by  using  a  small  catheter  as  a  stomach  tube.  The  type  of  sphinc- 
ter action  shown  in  tracing  C  was  continued  for  4  hours,  at  the  end 
of  which  time  the  stomach  was  completely  free  from  the  second  meal. 


Fig.  7.  ExperimeDt27;  February  19, 1920.  Ether  used  throughout  expcrimeDt. 
Records  begun  immediAtely  following  operative  procedures.  Tunbour  niyi>- 
graph  and  piston  recorder  used  to  obtain  graph.  Because  of  construction  of  the 
myograph  the  contraction  phase  is  recorded  as  the  downstroke;  relajution  the 
upstroke.    Note  the  regularity  of  contraction  and  the  tone  level  changes. 

This  experiment  seems  of  special  interest  because  it  demonstrates 
that  a  foreign  body  in  the  pyloric  canal  through  which  the  gastric 
contents  may  pass  does  not  alter  the  normal  progress  of  gastric  evacu- 
ation. Further,  it  supplies  information  from  both  the  experimental 
and  the  radiographic  standpoint  which  indicates  that  the  sphincter  is 
rhythmical  in  its  activ'ities.  The  development  of  tone  waves  in  this 
case  does  not  differ  in  character  from  those  observed  by  other  types 
of  recording  apparatus  through  which  the  gastric  contents  may  not 
pass. 

A  third  type  of  experiment  was  performed  to  check  the  graphs 
obt^ned  by  means  of  the  closed  and  open  types  of  pylorographs.  la 
these  experiments,  three  in  number,  a  tambour  myograph  was  attached 
to  the  exterior  of  the  sphincter,  the  animal  being  immersed  in  a  tank 
of  warm  saline  solution.    The  type  of  rhythmic  contractions  and  tone 
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waves  shown  in  figure  7  are  common  to  the  three  experiments,  snd  they 
show  no  fundamental  variation  from  tracings  obtained  with  other  ' 
types  of  apparatus.  The  animal  (no.  27)  from  which  this  figure  was 
obtained  had  been  fed  about  an  hour  before  the  experiment  started. 
Often  a  gurgling  noise  was  audible  as  material  was  forced  from  the 
antrum  into  the  duodenum,  these  occurring  during  a  wave  of  contrac- 
tion of  the  pars  pylorica. 

The  results  obtained  from  the  various  types  of  experiments  and 
radiographic  studies  are  similar  to  each  other,  therefore  the  movements 
described  for  the  pyloric  sphincter  may  be  considered  as  representative 
of  normal  functioning  of  this  organ. 

DISCUSSION 

The  closure  of  the  pyloric  sphincter,  according  to  the  prevailing 
theories,  results  because  of:  a,  the  presence  of  solid  masses  in  the  antrum 
which  mechanically  excite  the  mucosa  of  this  region;  b,  an  insufficient 
acidification  of  the  gastric  content ;  and  c,  the  presence  of  acid  chyme 
in  the  duodenum.  Following  liquefaction  and  acidification  of  the 
gastric  contents  these  mechanical  and  chemical  stimulants  cease  and 
the  sphincter  relaxes  to  permit  the  ejection  of  chyme  into  the  duodenum. 

The  theory  of  an  "acid  control  of  the  pylorus"  (Cannon)  does  not 
account  for  the  rapid  dischai^  of  water  and  solutions  of  neutral  egg 
white  from  the  stomach,  neither  does  it  explain  the  rapid  clearance  of 
the  stomach  in  certain  pathological  conditions.  In  part  the  theory  of 
fluidity  accounts  for  the  rapid  evacuation  of  the  stomach  following  the 
ineestion  of  fluid  masses.  However,  this  does  not  explain  the  processes 
involved  in  the  control  of  the  sphincter.  Granting  that  the  two  theories 
do  explain  a  certain  number  of  facts  relative  to  the  control  of  the  pylorus, 
we  still  have  to  account  for  pyloric  activity  when  functioning  in  the 
absence  of  acid.  That  is,  something  more  than  fluidity  and  acid  is 
necessary  to  open  the  sphincter  to  permit  the  passage  of  material  into 
the  duodenum.  Granting  that  the.  sphincter  is  open,  all  theories  agree 
that  peristaltic  contractions  in  the  stomach  are  directly  responsible 
for  the  discharge  of  gastric  contents.  Hence  it  may  be  assumed  that 
intragastric  pressure  and  peristalsis  bear  some  definite  relation  to  the 
activities  of  the  sphincter.  That  posture  and  peristalsis  do  act  in  such 
a  manner  as  to  facilitate  the  emptying  of  the  stomach  has  been  pretty 
definitely  shown. 
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Ncilfion  and  Lipsitz  (5)  h&ve  shown  that  posture  to  a  great  extent 
determines  the  time  of  retention  of  water  in  the  stomach.  Individuals 
lying  on  their  right  side  retain  less  of  a  given  amount  of  water  at  the 
end  of  a  stipulated  time  than  individuals  assuming  other  positions. 
Cole  (2),  from  a  study  of  serial  radiograms  of  the  human  stomach,  has 
shown  that  the  activities  of  the  sphincter  bear  a  definite  relationship 
to  the  activities  of  the  antrum  in  that  the  amount  of  contraction  of  the 
sphincter  is  in  proportion  to  the  activity  of  the  gastric  waves.  He  bos 
also  shown  that  durii^  the  active  phase  (contraction)  of  every  gastric 
cycle  the  pyloric  ring  is  open  and  a  small  portion  of  the  gastric  contents 
is  propelled  through  its  lumen  into  the  reservoir  cap.  The  terminal 
wave  (peristaltic)  which  has  meuiwhile  been  advancing  toward  the 
sphincter,  upon  attaining  it,  effects  its  closure.  The  recent  article  by 
Luckhardt,  Phillips  and  Carlson  (4)  clearly  demonstrates  that  both 
in  man  and  dogs  the  pyloric  sphincter  opens  for  the  ejection  of  chyme 
with  the  arrival  at  the  sphincter  of  powerful  advancing  rings  of  contrac- 
tion and  a  general  increase  in  the  tone  of  the  musculature  of  the  stomach 
as  a  whole.  Their  observations  demonstrate  that  a  more  definite 
relation  exists  between  the  muscular  activity  and  the  openii^  of  the 
sphincter  than  between  the  opening  of  the  sphincter  and  the  reaction 
of  the  gastric  contents.  Ivy  (3)  made  the  suf^^ion  prior  to  the  appear- 
ance of  the  paper  by  Luckhardt,  Phillips  and  Carlson,  that  the  rhythmic 
discharge  of  water  from  the  dog's  stomach  is  such  that  it  could  very 
'  well  correspond  to  peristaltic  activity. 

Such  observations  clearly  demonstrate  that  the  functions  of  the 
pyloric  sphincter  are  dependent,  in  part  at  least,  upon  gastric  motility. 
Our  observations  also  tend  to  show  that  the  sphincter  because  of  its 
rhythmic  type  of  motility  acts  in  such  a  manner  as  to  supplement 
gastric  motility.  Further  ol^ervations  to  be  reported  later  also  show 
that  the  rhythmic  contractions  of  the  sphincter  bear  a  definite  and 
constant  relation  to  the  motility  of  the  stomach  (fig.  3). 

SUHHABT  ANn   CONCLUSION 

1.  A  method  is  described  for  recording  the  motility  of  the  pyloric 
sphincter. 

2.  The  pyloric  sphincter  of  the  dog  demonstrates  rhythmic  activity 
or  cycles  of  motility  which  occur  at  the  rate  of  from  3  to  5  per  minute. 

3.  A  single  cycle  of  motility  is  characterized  by  a  phase  of  contrao 
tion,  relaxation  and  quiescence  followed  by  a  definite  phase  of  inhibition 
prior  to  a  subsequent  contraction. 
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4.  The  sphincter  demonstrates  tone  changes,  such  changes  being 
gained  or  lost  because  of  shortening  or  lengthening  of  the  relaxation 
phase  of  the  rhythmic  cyclea. 

5.  The  observations  here  reported,  therefore,  show  that  the  pyloric 
sphincter  of  the  dog  posseaaea  the  property  of  rhythmic  contractility, 
the  degree  of  which  is  influenced  because  of  changes  in  tonicity. 
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It  has  already  been  reported  that  there  are  grounds  for  beUeving  that 
the  hyperglycemia  produced  by  ether  anesthesia  is  due  chiefly  to  the 
action  of  ether  to  reduce  the  influence  of  the  internal  secretion  of  the 
p&ncreas  (1).  It  is  considered  that  this  reduction  of  the  action  of  the 
internal  secretion  of  the  pancreas  is  a  reduction  of  the  inhibitor  in6uence 
on  glycolysis.  Since  the  primary  Bource  of  blood  dextrose  is  liver  glyco> 
gen,  any  injury  to  the  liver  should  affect  the  ease  with  which  glycogen 
is  set  free.  Whether  the  injury  to  the  liver  cells  should  make  the  liber- 
ation of  dextrose  easier  or  more  difficult  there  is  no  way  to  foretell.  It 
is  well  known  that  chloroform  is  capable  of  producing  hver  pathology. 
Davis  and  Whipple  (2)  showed  that  chloroform  anesthesia  produced 
injury  to  liver  cells  and  this  injury  could  be  increased  by  fasting  before 
the  administration  of  chloroform.  It  was  thought  worth  while  to  com- 
pare the  hypet^Iycemia  from  ether  and  from  chloroform  with  special 
reference  to  the  injury  produced  in  the  liver, 

ExperimenUd  work.  A  group  of  five  normal  undieted  dogs  was  given 
ether  for  half  an  hour.  Anesthesia  was  induced  by  inserting  the  ani- 
mal's head  into  a  cylinder  into  which  air  that  had  passed  through  ether 
was  forced.  The  animals  were  bled  before  anesthesia  and  aft«r  fifteen 
minutes  of  anesthesia.  The  blood  sugar  was  determined  by  Benedict's 
method  (3).  The  next  day  the  same  procedure  was  repeated  except 
that  the  animals  were  kept  under  the  anesthetic  only  fifteen  minutes. 
The  results  are  given  in  tables  1  and  2. 

A  second  group  of  dogs  was  given  chloroform  to  the  surgical  anes- 
thetic stage  and  kept  at  this  degree  of  anesthesia  for  half  an  hour  and 
the  following  day  the  response  to  fifteen  minutes  of  ether  anesthesia  was 
determined.  The  bleeding,  analyses  and  administration  of  the  anes- 
thetic were  carried  out  as  before.  The  results  are  given  in  table  3, 
474 
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TABLE  1 

Ether  hyperglycemia  of  a  group  of  normal  dogs 
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0.1308 

0.028 

Ether  hyperglycemia 


TABLE  1 

t  group  of  dogs,  day  following  half  an  hour  ether 
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TABLE  t 
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A  third  group  uf  animab  fasted  two  days.  Then  these  dogs  were 
put  through  the  same  treatment  as  the  second  group.  The  results  are 
given  in  table  4. 

DtBCusnon.  When  a  drug  is  administered  repeatedly  the  later  reac- 
tions usually  differ  in  degree  from  the  firat  one.  This  may  bo  due  to 
decreased  or  increased  sensitiveness  of  nerves,  glands  or  tissue,  or 
injury  to  cells.  To  determine  whether  or  not  ether  had  less  power  to 
produce  hypet^lycemia  the  second  day  than  the  Si^st,  the  first  two  series 
of  test«  were  made. 

According  to  tables  1  and  2,  the  average  glycemia  before  ether  the 
fintt  day  was  0.1028  and  the  second  day  0.1004  per  cent.  This  small 
difference  is  negligible.  Half  an  hour  of  ether  anesthesia  did  not  change 
the  amount  of  blood  sugar  found  the  following  day.  This  hannonixefl 
with  the  general  impression  that  ether  anesthesia  causes  very  little  if 
any  injury  to  the  subject.  The  first  day  fifteen  minutes  of  ether  anes- 
thesia brought  the  glycemia  up  to  0.1308  per  cent  and  the  following 
day  the  same  procedure  produced  an  average  glycemia  of  0.1370  per 
cent.  The  average  increase  the  first  day  was  0.028  per  cent  and  the 
average  increase  the  next  day  was  0.0366  per  cent.  There  was  appar^ 
ently  an  increased  tendency  for  ether  to  liberate  dextrose  the  day  fol- 
lowing half  an  hour  of  ether  anesthesia.  The  reason  for  this  increase 
we  do  not  attempt  to  give  at  this  time.  However,  we  are  able  to  make 
the  important  deduction  that  ether  did  not  injure  the  mechanism  in- 
volved in  the  production  of  ether  hyperglycemia.  If  such  an  injury  had 
occurred  the  reaction  to  ether  the  second  day  would  have  been  less  than 
that  of  the  first  day  and  the  normal  glycemia  before  anesthesia  the 
second  day  would  have  been  less  than  that  of  the  first  day. 

The  effect  of  chloroform  on  the  glycemia  of  the  following  day  is  shown 
in  tables  3  and  4.  The  average  blood  sugars  before  ether  of  the  first 
and  second  groups  of  animals  on  the  day  following  the  chloroform  anes- 
thesias were  0.096  and  0.0928  per  cent  respectively.  These  values  com- 
pared with  those  of  normal  dogs  shown  in  tables  1  and  2 — 0.1028  and 
0.1004  per  cent — indicate  a  decided  tendency  of  chloroform  to  par- 
tially paralyze  the  mechanism  of  sugar  mobilization.  This  phase  <tf 
the  action  of  chloroform  is  of  great  importance.  In  view  of  the  con- 
clusion of  Cannon  that  blood  sugar  is  the  most  satisfactory  source  of 
enei^  in  emergency,  it  is  of  the  greatest  importance  that  the  mobiliza- 
tion of  blood  dextrose  be  not  interfered  with  at  a  time  such  as  that  fol- 
lowing an  operation  when  often  ever>-  vital  function  is  strained  to  the 
limit  in  order  to  sustain  life. 
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Fifteen  minutes  of  ether  anesthesis  the  day  following  a  chloroform 
anestheeia  of  half  an  hour  produced  an  average  glycemia  of  0.1168  per 
cent  for  the  group  of  ncm-fastiDg  dogs  and  a  glycemia  of  0.1112  per  cent 
for  the  group  of  fasting  animals.  These  glycemias  cconpared  with 
those  c^  the  group  of  normal  dc^  (0.1308  per  cent)  and  of  the  group 
which  had  an  ether  anesthesia  of  -half  an  hour  the  preceding  day  (0.1370 
per  cent),  show  a  decided  inability  of  the  animals  given  chloroform  the 
previous  day  to  develop  a^  great  a  hyperglycemia  as  normal  animals. 

The  increases  in  blood  sugar  due  to  fifteen  minutes  of  ether  anesthesia 
(A  the  groups  of  animals  which  received  a  chloroform  anesthesia  the  pre- 
ceding day,  were  0.0208  and  0.0184  per  cent.  The  average  increase  due 
to  ether  anesthesia  of  untreated  d(^.given  in  table  1  was  0.028  per  cent 
and  the  average  increase  of  a  group  of  17  dogs,  given  in  a  previous  pub- 
lication (4),  was  0.037  per  cent.  A  comparison  of  these  increases  from 
ether  anesthesia  obtained  the  day  following  a  chloroform  anesthesia 
with  the  increases  of  normal  dogs  shows  a  considerable  decrease  in  the 
power  of  the  animals  to  mobilize  dextrose  after  chloroform  anesthesia. 

There  were  two  groups  of  animals  that  were  given  ether  the  day  fol- 
lowing chloroform  tmesthesia  of  half  an  hour.  These  animals  differed 
in  that  the  second  group  fasted  two  days  before  the  tests  were  ma^e. 
The  day  followii^  chloroform  anesthesia  the  non-fasting  animals  had 
an  average  glycemia  of  0.0960  per  cent  and  the  fasted  animals  a  glyce- 
'  mia  of  0.0928  per  cent.  Fifteen  minutes  of  ether  anesthesia  of  unfasted 
dogs  produced  an  average  increase  of  blood  dextrose  of  0.0208  per  cent, 
maJdng  a  glycemia  of  0.1168  per  cent.  A  similar  ether  anesthesia  of  the 
fasting  animals  produced  an  increase  of  0.0184  per  cent  making  the  av- 
erage blood  dextrose  value  0.1112  percent.  A  comparison  of  the  normal 
glycemias,  the  increases  due  to  fifteen  minutes  of  ether  anesthesia,  and 
the  glycemias  after  the  ether  anesthesia  of  the  group  of  fasting  animals 
and  of  the  group  of  non-fasting  animals,  shows  greater  values  for  blood 
dextrose  in  every  case  for  the  non-fasting  group.  These  differences  are 
small  but  constantly  in  favor  of  the  one  group. 

SUICHARY   AND   CONCLUSIONS 

A  group  of  dogs  was  anesthetized  with  ether  for  half  an  hour.  The 
next  day  the  dogs  were  anesthetized  with  the  same  drug  for  fifteen 
minutes.  The  blood  sugar  changes  were  measured  for  the  first  fifteen 
minutes  of  anesthesia  both  times. 
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A  secoDcl  group  of  dogs  was  anesthetized  with  chlorofonn  for  half  an 
hour  and  the  following  day  each  was  given  fifteen  minutes  of  ether 
anesthesia.    The  blood  dextrose  changes  the  second  day  were  measured. 

A  third  group  of  animals  fasted  two  days  and  was  then  treated  the 
same  as  the  second  group. 

Half  an  hour  of  ether  anesthesia  did  not  alter  the  glycemia  of  the  fol- 
lowing day,  and  did  not  decrease  the  hyperglycemia  resulting  from 
fifteen  minutes  of  ether  anesthesia. 

Half  an  hour  of  chloroform  anesthesia  produced  on  the  following 
day  a  glycemia  lower  than  normal,  an  increase  in  blood  dextrose  due  to 
fifteen  minutes  of  anesthesia  less  than  normal,  and  a  hyperglycemia 
from  fifteen  minutes  of  ether  anesthesia  lower  than  nonual. 

A  fast  of  two  days  precedii^  half  an  hour  of  chloroform  anesthesia 
produced  on  the  following  day  a  still  lower  glycemia  and  still  less  reac- 
tion to  fifteen  minutes  of  ether  anesthesia  than  occurred  in  non-casting 
dogs. 

These  results  in  conjunction  with  the  conclusions  of  Davis  and  Whip- 
ple (2)  that  the  liver  injury  produced  by  chloroform  is  increased  by  a 
fast  preceding  anesthesia  leads  us  to  the  following  conclusions: 

1 .  Ether  anesthesia  does  not  produce  any  injury  to  the  mechanism  of 
dextrose  mobilization  that  can  be  detected  the  following  day. 

2.  The  injury  to  the  liver  cells  produced  by  chloroform  anesthesia 
reduces  the  glycemia  of  the  following  day  and  injures  the  mechanism* 
of  dextrose  mobilization  according  to  the  decree  of  injury. 

3.  The  hyperglycemia  due  to  chloroform  anesthesia  is  not  due  prima- 
rily to  the  direct  action  of  chloroform  oh  the  liver.  Probably  chloro- 
form, like  ether,  produces  hypei^lycemia  chiefly  through  its  depressing 
action  on  the  internal  secretion  of  the  pancreas. 
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Until  quite  recent  times  table  and  culinary  fats  used  in  the  United 
States  were  obtained  almost  wholly  from  the  animal  kingdom — dairy 
butter  being  the  universal  table  fat  and  lard  the  principal  culinarj'-  fat. 
The  constantly  decreasing  per  capita  supply  of  animal  fats  has  caused 
a  very  rapid  increase  in  the  use  of  vegetable  oils  for  food,  until  olive, 
cottonseed,  peanut  and  com  oils  are  now  more  or  less  generally  used  not 
only  for  salad  but  also  for  cooking  purposes.  Except  for  salad  purposes, 
in  the  past  the  housewife  apparently  preferred  fats  which  were  very 
nearly,  if  not  actually,  solid  at  ordinary  temperatures.  To  meet  this 
demand  for  solid  fats,  vegetable  oils  were  hardened  either  by  removing 
a  portion  of  their  low  melting  constituents  or  by  the  addition  of  stearin 
or  a  fat  rich  in  stearin,  and  fats  prepared  by  one  or  the  other  of  these 
methods  came  into  quite  general  use  under  a  variety  of  trade  names. 
These  processes  for  hardening  vegetable  oils  have  now  been  largely 
replaced  by  the  hydrogenation  process  which  is  based  on  the  discovery 
that  hydrogen  may  be  added,  under  proper  conditions  of  temperature 
and  pressure,  to  the  glyceridea  of  the  unsaturated  fatty  acids  by  means 
of  a  catalytic  agent,  such  as  nickel  in  a  finely  divided  state.  When  the 
process  is  carefully  controlled  it  is  possible  to  prepare  hydrogenated 
oils  having  any  desired  melting  point. 

Since  it  is  we)l  known  that  some  metals  when  taken  into  the  alimen- 
tary tract  under  certain  conditions  are  toxic,  it  has  been  very  properly 
questioned  whether  the  ingestion  of  hydrogenated  oils  contaioii^  ap- 
preciable amounts  of  a  metallic  catalyst  might  not  be  followed  by  harm- 
ful physiological  disturbances.  Recent  investigations  (1)  indicate  that 
properly  prepared  hydrogenated  oils  do  not  contain  sufficient  nickel  to 
produce  toxic  effects.     The  Federal  Meat  Inspection  Division  (2)  shares 
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this  Opinion  and  pennita  the  sale  for  edible  purposes  of  those  hardened 
oik  which  do  not  contain  over  two  parts  of  the  catalyzer  per  milhoo 
parts  of  tnl — an  amount  about  five  times  that  ordinarily  found  in  nonnal 
hydK^nated  <m1s  produced  in  this  country. 

The  literature  contains  relatively  little  information  regarding  the 
digestibility  of  hydrogenated  oils.  Thorns  and  Mutter  (3)  found  that 
a  hardened  oil  melting  below  body  temperature  was  more  satisfactory 
than  one  in  which  more  complete  saturation  occurred  and  a  harder  fat 
obtained.  Smith,  Miller  and  Hawlc  (4)  determined  the  relative  digesti- 
bility of  lard  (melting  at  45''C.)^  and  hydrogenated  cottonseed  (h1  (melt- 
ing at  36°C.)  and  found  tlie  lard  to  be  94.7  per  cent  and  the  hardened 
oil  93.4  per  cent  digested — a  difference,  which  in  the  opinion  of  the 
authors,  is  well  within  the  limits  of  experimental  error.  Pekelharing 
and  Schut  (5)  found  that  on  a  diet  which  contained  no  fat  other  than 
hydrc^nated  cottonseed  oil,  mice  maintained  a  steady  body  increment. 
They  also  determined  the  digestibility  of  some  hydrogenated  cottonseed 
oils  in  feeding  experiments  on  a  d(%.  On  the  aven^  the  dog  digested 
about  90  per  cent  of  the  hydrogenated  oils  and  increased  its  wei|^t  by 
about  one-third  the  original  weight.  From  the  results  of  the  four 
months'  experiment  they  found  that  the  digestibility  of  the  hydrogen- 
ated oils  was  inversely  proportional  to  tlteir  melting  pdnts,  that  mix- 
tures of  lard  and  hardened  oils  were  more  completely  digested  than  the 
hardened  oils  alone,  that  no  physiological  disturbances  occurred,  and 
that  the  feces  of  the  hydrogenated  oil  diets  contdned  more  fat  and  more 
fatty  acids  than  those  resulting  from  the  lard  diet.  Eriandsen,  Frid- 
ricia  Aad  Elgstrom  (6)  report  studies  of  hardened  whale  oil  in  which  the 
digestibility  varied  from  91.6  per  cent  to  94.9  per  cent  for  butter  and 
whale  oil;  the  difference  in  digestibihty  of  the  two  fats  did  not  exceed 
0.9  per  cent. 

The  present  paper  reports  a  series  of  digestion  experiments  with  hy- 
drc^nated  cottonseed,  peanut  and  com  oils  in  which  the  entire  sample 
was  subjected  to  the  hydrogenation  process.  Material  is  also  available 
for  reporting  the  results  of  experiments  on  the  digestibility  of  blended 
hydrogenated  oils,  in  which  some  hydrogenated  oil,  hardened  to  a  hi^ 
melting  pmtit,  was  mixed  with  enough  untreated  oil  to  give  a  fat  of  the 
desired  hardness.  This  investigation  is  a  continuation  of  an  extended 
series  of  digestion  experiments  which  has  been  conducted  by  this  office 
with  about  fifty  more  or  less  common  animal  and  vegetable  fats.  The 
general  conclusions  from  these  studies  are  that  edible  fats  are  hi^ly 
digestible,  that  they  do  not  unfavorably  influence  the  digestibility  of 
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other  coDsUtuente  of  the  diet,  and  that  when  eaten  in  normal  amounts 
they  do  not  cause  any  pronounced  laxative  effects. 

ExperimerUal.  In  these  experiments  the  hydrogenated  oils  under 
consideration  were  included  in  the  diet  by  being  incorporated  in  the 
usual  specially  prepared  cornstarch  blancmange  (7)  or  pudding.  The 
basal  ration,  which  was  nearly  fat-free,  consisted  of  wheat  biscuit,  fruit, 
sugar  and  clear  tea  or  coffee.  The  subjects  of  the  experiments  reported 
below  were  young  men,  apparently  in  nonnal  health,  from  20  to  40 
years  old,  students  in  local  universities,  who  as  a  result  of  their  previous 
experience  in  this  type  of  studies  were  familiar  with  the  experimental 
procedure  and  who  were  thoroughly  trustworthy.  The  experimental 
methods  for  separation  and  collection  of  feces  and  analysis  of  foods  and 
feces  outlined  in  earlier  papers  (8)  were  followed  in  the  experiments 
below. 

The  presence  of  ether-soluble  metabolic  products  in  the  feces  has 
been  taken  into  account  and  a  suitable  correction  introduced  in  calcu- 
lating results.  Since  the  feces  of  a  given  day  do  not  necessarily  repre- 
sent the  residue  of  the  food  for  the  preceding  day,  it  has  seemed  best 
in  these  experiments  as  in  all  the  preceding  ones  to  identify  the  feces  of 
the  experimental  period  with  charcoal  or  carmine  markers  and  to  retain 
all  the  feces  belonging  to  the  period  for  analysis.  Since  the  experimental 
procedure  has  been  uniform  throughout  the  teats  on  the  animal  and 
vegetable  fats,  the  results  obtained  in  these  experiments  are  directly 
comparable  with  each  other  and  with  the  results  of  our  earlier  studies. 

Results  of  studies  of  the  digestibility  of  common  fats  and  oik  indi- 
cate that  their  digestibility  varies  inversely  with  their  melting  points  in 
the  case  of  those  melting  above  body  temperature.  In  order  to  study 
the  relationship  between  the  digestibility  and  melting  points  of  hydro- 
genated  oils,  those  considered  here  were  so  chosen  that  some  melted 
above  and  some  below  the  temperature  of  the  body  (37°C.). 

The  majority  of  the  samples  of  hydrogenated  oil  were  hardened  in 
the  laboratory  of  Carleton  Ellis  by  one  of  us  (H.  J.  D.).  J.  R.  Kuhn, 
of  that  laboratory,  assisted  in  their  preparation. 

The  melting  points  of  the  hydrogenated  cottonseed  oil  were  SS^C, 
38.6''C.  and  46°C.;  the  melting  points  of  hydrogenated  peanut  oil  were 
ST^C,  aa'C,  WC,  50''C.  and  52.4''C.;  and  the  melting  points  of  hydro- 
genated com  oil  were  SS^C,  43''C.  and  SO'C.  The  iodine  numbers  of 
the  samples  are  given  in  table  4. 

All  the  hydrogenated  oils  included  in  this  study  were  of  a  white  color, 
solid  or  practically  so  at  ordinary  room  temperature,  and  without  any 
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rharaclonstir  odor  or  flavor.  Whon  molted  thoy  wore  of  a  straw  ycllow 
color  resemiilinp;  molted  fallow.  They  were  very  lioiiioceneous  and  if 
healed  Hufficiently  they  boiled  without  any  sputtering  and  did  not 
smoke  until  a  relatively  high  temperature  was  readied.  On  coolinc  in 
some  instanret!,  different  portions  of  the  resulting  mass  differed  slighlly 
in  physical  appearance,  quite  likely  because  of  a  partial  separation  of 
the  softer  and  harder  constituents  of  the  hydrogenated  oils. 

The  experiments  made  with  flie  hydrogenated  corn,  cottonseed  and 
peanut  oils  were  carried  ont  under  conditions  es.scntially  the  s;une  as 
those  of  experiments  with  the  same  kinds  of  oil  untifaled.  As  earlier 
reports  show,  those  oils  had  coefficients  of .  digestibility  as  follows: 
corn  oil  (9),  96,9  per  cent ;  cottonseed  oil  (10),  97.8  i>er  cent  and  |x>nnnt 
oil  (II),  08.3  per  cent. 

DigvMihUiUj  of  hydroqeimleil  corn  oil.  Fifteen  digestion  experiments 
were  conducted  with  hydrogenated  com  oil,  five  each  with  hai-denecl 
fats  having  a  melting  point  of  ^IS'C,  43''C.  and  oCC  These  fats  were 
prepared  by  one  of  the  authors  {H.  J.  D.)  at  a  large  commereial  research 
laborator^■  and  are  believed  to  be  typical  of  commercial  hardened  com 
oil. 

The  same  group  of  subjects  assisted  in  each  series  of  experiments  with 
hydrogenated  com  oils  and  the  usual  standardized  experimental  condi- 
tions were  employed. 

This  report  of  the  individual  ex|Teriments  with  hydrogenated  com  oil 
and  other  oils  included  in  this  investigation  is  somewhat  condensed, 
but  the  experimental  data  in  full  are  on  file  in  the  Office  of  Home  Kco- 
nomies.  States  Relations  Scr\'ice,  U.  S.  Department  of  Agriculture. 

The  data  which  were  obtained  from  the  study  of  hydrogenated  cum 
oils  are  summarized  in  table  1. 

The  average  amount  of  hydrogenated  com  oil  eaten  |)er  man  jht  day 
was  78  grams  for  the  fat  melting  at  33°C.,  74  grams  for  the  i'.W.  fat, 
and  44  giams  for  the  oO'C  fat.  The  digestibility  of  the  hardened  com 
oils  studied  was  for  SST.  oil,  94.7  per  cent  and  for  43°C'.  oil,  1).i.4  iter 
cent;  thus  from  the  standpoint  of  practical  dietetics  there  was  no  mate- 
rial difference  in  the  digestibility  of  these  oils.  The  digestibility  of  hy- 
drogenated com  oil  melting  at  oO°C'.  was  88.5  percent  which  is  identical 
with  that  of  mutton  fat  (12)  (88  per  cent)  melting  at  TjO^C.  The  coef- 
ficients of  digestibility  obtained  in  these  experiments  are  somewhat 
lower  than  !)li.8  per  cent  (13)  reported  in  an  earilcr  paiH-r  for  the  digesti- 
bility of  commercial,  edible  com  oil. 
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The  cxperiiuciital  tlict  as  a  whole  was  woll  utilized,  the  carbohydrates 
being  ver>'  completely  absorbed,  which  would  indicate  that  hydrogcn- 
ated  corn  oils  having  melting  points  a  very  little  higher  than  body  tem- 
perature did  not  have  any  unfavorable  effect  on  the  digestibility  of  the 
other  constituents  of  the  diet. 

TApI.K  I 
Summary  of  digenlum  ezpfrimenU  u'itk  hi/dnigritalcil  i-or fi  nil  in  a  simple  mixed  did 
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Digestibility  of  bydroijeimlvil  rotlon.tent  oil-''.  The  experiments  in;ido 
with  hydrogenated  cottonHccd  oil  Were  ('<mdncle<l  under  experimental 
conditions  identical  with  those  employed  in  thestudy  of  thedigesliliility 
of  cottonseed  oil  which  was  found  to  be  i*7.8  jter  cent  dinested  Il4). 
The  hydrogcnated  oils  which  have  received  atlcntinn  in  this  investiga- 
tion were  not  all  prepared  from  the  saiiu-  lot  of  cottonseed  oil;  one  lot 
melting  at  35°C.  (used  in  experiment  ^tV2)  was  a  well-known  commerrial 
product  which  was  purchased  in  the  dik'II  market;  the  fat  melting  at 
38. ()"('.  was  specially  prepared  for  (nirstiidics  in  the  research  laborattiries 
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of  a  concern  manufacturing  edible  hydrogenated  oils;  the  fata  melting 
at  SS^C.  (used  in  experiments  1027-1031)  and  46"C.  were  prepared  by 
one  of  us  in  a  large  consulting  laboratory.  While  these  products  were 
not  all  of  commercial  origin  it  is  believed  that  they  are,  nerertheleM, 
typical  of  the  commercial  article. 

Table  2  summarizes  the  data  from  the  experiments  with  hydrogen- 
ated  cottonseed  oil. 

TABLE  1 

Summary  of  digettum  tx-ptrimenU  leitk  hj/drogtftaled  cotUmteed  oU  in  a  timpU 
mixed  diet 
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99.0 
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1028 

35 
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61.6 

94.4 

05.2 

96.6 

1029 

33 

E.  L.  M. 

70.2 
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97.0 

1031 

36 

J.  C.  W. 

63.6 

89.7 

95.7 

93.9 
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69.2 
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38. e 

R.  L.  8. 

66.6 

92.7 

97,3 
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« 
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75.9 

B3.8 

98.4 

90.3 

1063 

46 

H.  L.  G. 

66. S 

93.2 

96.7 

96.4 

lOH 

46 

E.  L.  M. 

68.7 

91-0 

97.7 

91.9 

Average 

71.7 

92.7 

07.6 

The  averse  digestibility  of  the  entire  ration  in  the  above  experi- 
ments indicates  that  this  diet  .was  quit«  well  digested.  The  daily  con- 
sumption of  hydrt^nated  oil  in  these  experiments  was  on  the  average 
about  84  grams.  In  the  last  group  of  experiments  with  hydrogenated 
cottonseed  oil  melting  at  4€''C.,  89  grams  of  the  fat  were  eaten  daily 
without  causing  any  physiolc^cal  disturbances,  which  would  indicate 
that  the  limit  of  tolerance  for  this  fat  was  in  excess  of  89  grams.  The 
coefficients  of  digestibility,  96.8  per  cent  for  hydn^nated  oil  having 
a  melting  point  6f  SS'C,  95.5  per  cent  for  hydrogenated  oil  having  a 
melting  point  of  SS-O'C.  and  94.9  per  cent  for  hydrogenated  oil  having  a 
meltit^  point  of  46''C.,  indicate  that  the  hydrogenated  cottonseed  oils 
having  these  melting  points  are  well  utilized  by  the  body. 
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Digestibility  of  hydrogenaled  peanut  oil.  Twenty  digestion  experi- 
ments were  made  with  hydrogenated  peanut  oik  having  melting  points 
of  ST^C,  SQ'C,  43''C.,  50°C.  and  52A°C.  under  the  usual  uniform 
experimental  conditions.  The  peanut  oils  melting  at  39°C.  and  52.4°C. 
were  prepared  for  us  through  the  courtesy  of  the  chief  chemist  of  a 
lai^e  manufacturing  concern.  The  oils  melting  at  ST^C,  43°C.  and 
sec.  were  hydrogenated  by  one  of  us  at  a  commercial  fat  and  oil 
research  laboratory.  The  results  of  the  experiments  with  hydrogena^d 
peanut  oil  are  given  in  table  3. 

The  average  amounts  of  hydrogenated  peanut  oil  eaten  daily  in  the 
above  groups  of  experiments  were:  SVC.  fat,  76  grams;  39°C,  fat,  78 
grams;  43''C.  fat,  91  grams;  50°C.  fat,  59  grams;  and  52.4''C.  fat,  62 
grams.  No  instance  of  intestinal  disturbance  resulted  which  indicates 
that  the  above  quantities  of  these  hardened  oils  are  well  tolerated  by  the 
average  adult. 

A  comparison  of  the  melting  points  and  digestibihty  of  these  har- 
dened oils  is  of  interest.  An  increase  of  2  degrees  in  the  melting  point 
(from  37''C,  to  39°C.)  was  accompanied  by  a  2  per  cent  decrease  in  diges- 
tibility, an  increase  of  4  degrees  from  39''C,  to  43''C.  caused  no  significant 
change  in  digestibility,  an  increase  of  7  degrees  from  43°C.  to  SO^C. 
caused  a  decrease  of  4.5  per  cent  in  digestibility,  while  an  increase  of 
2,4  degrees  from  50''C.  to  52,4''C.  caused  a  decrease  of  13  per  cent  in 
digestibility.  The  coefficient  of  digestibility  of  79  per  cent  for  peanut 
oil  melting  at  52.4"C.  is  the  lowest  value  obtained  for  any  fat  of 
this  series;  the  digestibility  (15)  of  mutton  fat  (meltii^  point  50''C.) 
being  88  per  cent  and  that  of  oleo  stearin  (16),  80  per  cent.  Since  the 
meltii^  point,  52.4''C.,  of  this  hardened  oil  is  considerably  higher  than 
37''C,,  the  temperature  of  the  human  body,  it  is  probable  that  in  the 
process  of  digestion  saponification  takes  place  only  on  the  exterior  of  the 
particles  of  hardened  oil  which  decrease  in  size  as  the  process  of  digestion 
continues.  If  surface  area  be  thus  a  factor,  then  the  rate  of  digestion 
and  possibly  the  extent  of  digestion  of  a  hydrogenated  fat  having  a  high 
melting  point  is  governed  to  some  extent  by  the  size  of  the  particles  of 
hydrogenated  oil  ingested.  Additional  experiments  are  necessary  to 
supply  conclusive  evidence  on  this  point. 

The  hydrogenated  oil  melting  at  37''C,  was  as  completely  digested 
(98.1  per  cent)  as  the  untreated  peanut  oil  which  was  found  to  be  98.3 
per  cent  absorbed  (17)  by  the  body.  As  a  group  the  hydrogenated 
peanut  oils  were  well  digested  and  well  tolerated  by  the  subjects  of  this 
iDvestigation. 
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Three  vege(al)lp  oils,  cottonseed,  peanut  and  corn,  have  been  par- 
tially liydrogenate<l  to  obtain  hardened  oils  having  different  melting 
points  and  their  digestibility  studied.  The  results  are  summarized  in 
table  4. 
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With  the  oxcoplion  of  peanut  oil  melting  at  52.4°<'.  and  the  com  oil 
melting  at  00%'.  all  of  the  hydrogenated  oils  were  92.0  per  cent  or  more 
digested.  They  did  not  cause  any  observed  digestive  disturbances  nor 
did  they  decrease  the  digestibility  of  the  experimental  diet  as  a  whole. 
In  general,  the  results  showed  uniformly  that  as  the  melting  point  of  the 
oil  Was  increased  the  coefficient  of  digestibility  was  tlecreased.     The 

T.\B[.E  I 

fjummary  o}  digestiun  experiments  with  hydrogenated  vegetalilc  oila  in  a  simple 
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coefficient  of  digewliliility  decreased  at  a  much  faster  rate  in  the  case  of 
fair;  with  melting  points  above  W.  The  number  of  ex|«'nments  con- 
ducted with  the  majority  of  the  hydmgenatcd  oils  under  consideration, 
it  is  believed,  is  sufficient  to  permit  of  fairly  definite  eonchisinns  regard- 
ing the  digestibility  of  each  of  the  oils  in  question. 

The  results  of  the.-«>  experiment.s  indicate  that  these  hydrogenated 
oils  are  as  well  utilised  aa  natural  fats  of  corresponding  inelling  points. 
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ous  method  of  meeting  such  a  situation  is  to  provide  articlea  from  time  to  time  in  which  tita 
more  recent  literature  is  compared  and  summarised.  The  abstract  journals  render  valu^lc 
assistance  by  condensing  and  clasaifyioB  the  literature  of  individual  papers,  but  their  fuoctioa 
does  not  extend  to  a  comparative  analysis  of  results  and  methods.  Publications  nieh  as  tho 
Ereebniase  der  Physiolt^ie,  theEarvey  Lectures,  etc.,  that  attempt  this  latter  task,  have  been 
so  helpful  as  to  encourage  the  belief  that  a  further  enlargement  of  such  agencies  will  be  wel- 
comed by  all  workers.  It  is  proposed,  therefore,  to  establish  a  journal  m  which  there  wiU 
be  published  a  aeriea  of  short  but  comprehensive  articles  dealing  with  the  recent  literatim 
in  Fhyaiology,  uamg  this  term  in  a  broad  sense  to  include  Bio-cliemistry,  Bio-physics,  Eiperi- 
mental  Pharmacolc^y  and  Experimental  Pathology. 
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S—ln  Combination  with  Load  A  nesthettcs 


THE  importance  of  Adrenalin 
in  the  induction  of  local  anes- 
thesia can  be  estimated  by  a  real- 
ization of  the  fact  that  one  of 
the  major  prerequisites  of  an 
efficient  local  anesthetic  is  that 
it  be  compatible  with  Adrenalin. 

In  the  r61e  of  synergist  .to  the 
anesthetic  Adrenalin  serves  a 
threefold  purpose:  it  blanches 
the  tissues,  giving  the  surgeon 
a  clear  field  of  operation;  it  con- 
fines the  anesthetic  to  the  area 
into  which  it  is  infiltrated, 
preventing  absorption  and  pos- 
sible toxic  manifestations;  it 
intensifies  and  prolongs  the 
anesthesia  by  diminishing  the 
circulation,  thus  obviating  the 
dUution,  oxidation  and  rapid 
destruction  of  the  anesthetic 
in  tiie  tissues. 

The  question  of  the  quantity  of 
Adrenalin  to  be  injected  with  the 
local  anesthetic  solution  deserves 
special  consideration  on  the  part 
of  the  surgeon.  It  should  be 
remembered  that  after  the  effects 
of  the  injection  of  a  large  dose  of 
Adrenalin  have  been  dissipated, 
after  the  local  ischemia  has  sub- 
sided, the  patient  is  liable 
to  have  a  secondary  hem< 
orrhage,  owing  to  a  reac- 
tion in  the  walls  of  the  ' 


vessels  which  manifests  itself  in 
obstinate  dilatation.  Many  iit- 
stances  of  sloughing  are  attril^ 
atable  to  the  strangulation  ensa- 
iog  upon  the  injection  of  too 
much  Adrenalin.  It  is  incumbent 
upon  the  surgeon,  therefore,  to 
regulate  carefully  the  Adrenalin 
content  of  the  anesthetic  solu- 
tions he  employs. 

In  laparotomies  and  other  major 
(^)erations  in  which  an  ounce  or 
more  of  anesthetic  solution  is 
required  the  proportion  of  Adren- 
alin need  not  exceed  1  in  100,000. 
This  concentration  can  be  approx- 
imated by  adding  five  drops  of 
the  1:1000  Adrenalin  to  the  ounce 
of  anesthetic  solution.  When 
smaller  quantities  are  to  be 
injected  it  is  pennissible  to 
increase  the  Adrenalin  propcnijon 
to  1:50,000  or  1:40,000. 

The  m(»t  satisfactory  results 
are  obtained  by  first  sterilizing 
(boiling)  the  anesthetic  solution 
and  then,  after  it  has  partly  cooled. 
to  add  the  requisite  numlier  of 
drops  of  Adrenalin  1:1000.  This 
permits  of  gratifying  flexibility; 
the  surgeon  is  enabled  to  vary  the 
proportion  of  Adrenalin 
in  the  anesthetic  fluid  at 
will  and  with  a 
of  inconvenience. 
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